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Preface

This Work Plan for “In Situ Chemical Remediation of Radionuclides in Soils” (also, formerly
known as, “In Situ Dynamic Underground Stripping”) describes activities to be conducted in
support of Technical Task Plan No. RF121101. Tasks described in the Work Plan will be
conducted jointly by a number of DOE sites including: Rocky Flats Plant, Los Alamos National
Laboratory, and Lawrence Livermore National Laboratory.

The Work Plan format was taken from Section 3.5, “Preparing the Work Plan” in EPA’s Guide
on Conducting Treatability Studies under CERCLA, EPA/540/R-82/071a.

This work is being performed at Rocky Flats under Work Package 1432B.
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1.0 Project Description

1.1 Introduction

Soils (and groundwater) contaminated with trace amounts of plutonium, americium, uranium
mixed with volatile organic compounds (VOCs) and dense non-aqueous phase liquids (NAPLs)
remain lingering problems in many remediation programs. Large volumes of contaminated soils
may require processing to reduce contaminants 1o acceptable (yet undefined) levels.

At the Rocky Flats Plant (RFP) site, there are several below-ground locations that are
contaminated with NAPLs/VOCs and radionuclides (plutonium, americium, uranium). The
particular focus in this study is OU2/903 Pad area which contains radionuclides (plutonium,
americium, and uranium), DNAPLs (VOCs: trichioroethylene (TCE), carbon tetrachloride
(CCl4), tetrachloroethene (PCE), chloroform, methylene chioride; and NVOCs: cutting oils and
lathe coolants). These contaminants sometimes occur in concentrated plumes, such as those of
DNAPLs present at RFP's OU2/903 Pad in the clays and silt of Rocky Flats alluvium, and in
pore spaces and fractures of sedimentary sandstones, siltstones, and claystones. The
permeability of these geologic units may permit the percolation of these contaminant plumes and
subsequent migration and eventual discharge of these contaminants as seeps into the surface
waters. Mitigation and/or remediation of this non-radionuclide contaminant source are
described in the OU2 Subsurface IM/IRA.

This proposed work constitutes Task 2 of the existing EM-50 funded TTP for Plutonium in Soils
Integrated Demonstration Sampling Support. We will evaluate the use of thermally enhanced
aqueous extraction processing of soils for the removal of radionuclides. The concept marries the
technologies of redox, chelation, and steam processing to meet the challenge of RFP’s OU2/903
Pad Area soils. The FYS93 effort for this project will conduct proof-of-principle and bench-
scale evaluations of chemically enhanced steam stripping for the mobilization and removal of
radioactively-contaminated soils. The FY95 goal is to demonstrate an in situ soil extraction
process which uses chemically enhanced steam injection to mobilize and remove radionuclides —
especially, plutonium and americium — from contaminated RFP soil. This effort is part of the
treatability studies for remedial screening and selection process for actinide contaminated soils
in OU2's 903 Pad Area.

Testing will be conducted in three phases: (1) select promising chelator-redox systems using
fast-turnaround, lab-scale, chemically enhanced steam extraction tests, (2) further reduce
chemical enhancers to the more promising chelator-redox agent systems using bench-scale,
soil-column washing tests, and (3) optimize perhaps the most promising chelator-redox
systems using parametric bench-scale, soil-column washing tests. The objectives of this task
will be:

. To select chelating/redox systems appropriate for QU2 soils, and define test matrix and
test plan for laboratory studies and bench-scale tests.

. To perform [ab-scale tests that evaluate plutonium and americium
mobilization/removal efficiency resulting from chemically-enhanced steam.

. To perform bench-scale tests to evaluate mobilization of plutonium and americium using
chelating agents under suitable redox conditions that simulate in situ conditions.

WP for Chem Remed. of Soils: Rev. 7: 8/10/83 Page 1



1.2 Site History

Treatability studies will be performed on soils from the 903 Pad. The 903 Pad Area,
encompassing the original 803 Drum Storage Site, was used from October 1958 to January
1967 for storage of radioactively contaminated oil drums whose contents were described by
Calkins (1870).

“Most of the drums transferred to the field were nominal 55-gallon drums, but a significant
number were 30-galion drums. Not all were completely full. Approximately three-fourths of
the drums were plutonium-contaminated, while most of the balance contained uranium. Of those
containing plutonium, most were lathe coolant consisting of a straight-chain hydrocarbon
mineral oil (Shell Vitrea) and carbon tetrachloride in varying proportions. Other liquids were
involved, however, including hydraulic oils, vacuum pump oil, trichloroethylene,
perchloroethylene, silicone oils, acetone still bottoms, etc...and in 1959 or possibly earlier
ethanolamine was added to the oil to reduce the corrosion rate of the steel drums.”

An estimated 5,000 gallons of liquid (Freiberg, 1970) containing 86 g (5.3 Ci) of plutonium
leaked into the soil. Site grading in preparation for applying an asphalt cap over the area
included moving “slightly” contaminated soil. A total of 33 drums of radioactively contaminated
rocks were removed, and two courses of clean fill material were placed over the site. The
asphalt covering was applied some two months later (Freiberg, 1970). The cover is
approximately 8 centimeters (cm) thick and underlain by approximately 15 cm of loose gravel
and 8 cm of fill dirt. .

1.3  Project and Subtask Descriptions

The project will be conducted on 903 Pad area (sub)soils and in several phases comprising six
subtasks. Strategic decision points, which allow judgment of the technology's promise and
practice, are included in the project timeline.

Subtask 1. Bench-Scale Work Plan

This task covers the preparation of this work plan for bench-scaie testing which follows
“Suggested Organization of Treatability Study Work Plan” in EPA’'s Guide on Conducting
Treatability Studies under CERCLA (EPA/540/R-82/071a).

This task will also include completing, as required, operational safety analysis plan
(OSA), job safety analysis (JSA) plan, health safety (H&S) plan, and standard operating
procedures for the bench-scale tests for handling radioactivity and performing radioactive
experiments prior to starting any bench-scale experiments at RFP.

Subtask 2. Field Activities of the 903 Pad Area

This task will identify, based on past RFP OU2 work, and sample surface soils from
locations which ensure sample representativeness. Soil will be collected and handled
according to LANL or RFP procedures. The soil will be screened for radioactivity levels to
ensure adherence to H&S radiological protection constraints before transferring to
LANL/TA-48 or Bidg 881 for bench-scale tests.
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Subtask 3. Bench-Scale Testing

A majority of FY93 laboratory work will be performed at LANL to meet the accelerated
schedule. Bench-scale testing will be a significant collaboration between RFP and LANL in
FY94. FY94 treatability tasks will be coordinated and completed at both RFP and LANL in a
joint effort. We will investigate the effectiveness of various redox and chelating agents that
will mobilize plutonium and americium under steam conditions (near 100°C). Since
plutonium solubility and chemistry varies with oxidation state, various reducing/oxidizing
conditions will be evaluated for their impact on mobilizing plutonium. We will also
investigate the stability of chelating agents under steam conditions.

A systematic study to establish optimum conditions with the various chelating agents is
also crucial in deciding whether to proceed further for Subtasks 4 through 6. Because of the
large number of tests involved, some tests will be performed at LANL some bench tests will
be performed at RFP. The RFP radiochemistry lab in Bldg 881 will perform additional
bench-scale experiments and support the pilot-scale testing program.

Subtask 4. Conceptual Pilot-Scale Design (FY94)

This subtask will produce a conceptual pilot-scale design for the field operation. The
design is anticipated to include chemically enhanced steam injection and associated feed and
support subsystems, process control and monitoring technology, and any effluent collection
and treatment subsystems. The steam injection system will fake advantage of existing steam
service or will include a boiler, piping, fuel, tanks, etc. Approximately 12 to 16
extraction/injection wells will be installed in the 903 Pad area.

Subtask 5. Review and Analysis Assessment (FY34)

This subtask will conduct safety analyses and risk assessments, and evaluate safety
design of equipment to be used in the conceptual design (Task 4) and field demonstration
(Task 6). Plans and procedures for operations including S/O testing will be completed.

Subtask 6. Pilot Test / Field Demonstration (FY25)

This task will conduct the actual field demonstration at the 903 Pad site.

2.0 Treatment Technology Description

2.1 gummary

There are various remediation approaches such as physical, chemical, biological, and thermal
treatment, that can be used to remedy — whether by removal or stabilization — radionuclides
and organics in soils and groundwater. Steam together with various types and concentrations of
redox and chelating agents will be used to remove (i.e., mobilize and wash away) radionuclides
contaminating selected RFP soils. Once radionuclides are mobilized, the radionuclide-rich
(agueous) mobile phase is driven by the steam front to extraction wells where it is collected and
subsequently treated by more conventional wastewater technology. The approach uses a
combination of steam injection/vacuum extraction and chemical action to mobilize radionuclides
from soil where they can be subsequently treated by conventional technology.
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2.2 Substrate/Soil Characterization

Retention of contaminants in a solid matrix (such as soils) varies with the physical and
chemical properties of both the contaminant and the soil/solid phase. Contaminants are
generally displaced by two mechanisms: (1) by physically, driving or flushing the contaminant
from the substrate, (2} by chemically, dissolving contaminant and/or substrate tc release the
contaminant, or by some combination of (1) and (2). Detailed knowledge of substrate/soil
properties, chemistry, and nature of the substrate-contaminant interaction is extremely useful
in predicting washing behavior, designing lixiviation systems, and shortening the process
development time. Substrate characteristics are also important to predicting its response to
chemical treatment.

Some information on contaminant and soil physical and chemical properties, useful in designing
a treatability study, is available. Although recent soil characterization information (important
because of the earlier excavation activity at the site) is not available, Hicks and Blakeslee
(1981) reported limited soil physics and chemistry for samples coliected from the 803 Pad
area. Activity versus particle-size fractionation gave the foliowing:

Table 1. Dry Screened 903 Pad Soils*

Fraction > 4.0 mm 2.4 - 4.0 mm 0.42 - 2.4 mm <0.42 mm
Weight % 60 ] 12 24

Pu (dpnvg) 240 1400 3100 29000
Am (dpm/g) 150 270 560 4100

*Soils dried at 100°C for 5 days. Data from Hicks and Blakeslee (1981).
Soil chemistries of selected, dried 803 Pad soils were also reported:

Table 2. Chemical Analysis of 903 Pad Soils**

Element Al Ca (o} Fe K Si Na
Sample 1 5.4 0.9 0.8 1.7 2.5 30
Sampie 2 5.2 3.0 1.4 2.1 2.3 21.5 1

** Data from Hicks and Biakeslee {1981).

This information should be used guardedly since recent studies suggest some mixing of the
original and capping/fill materials has occurred. M. Z. Litaor (1993) of the RFP ER program
is currently evaluating physical and chemical characteristics of 903 Pad soils; a report will be
available by end FY33.

2.3 Soil Washing

EPA's Eagle et al. (1993) have demonstrated a soil washing plant for the treatment of
radioactively contaminated soils at two Superfund sites. Soil washing operations were evaluated
for their performance in reducing the volume of contaminated soils. Their program uses a
four-tiered approach consisting of: (1) soil characterization, (2) bench-scale testing, (3)
process development units, (4) pilot plant development where the results of each tier are used
to decide whether to proceed to the next tier.
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2.4  Soil Washing at BFP

Soil decontamination and washing evaluations have been conducted at RFP since the early 1870s
and results have appeared in reports in the internal and external literature. R. L. Olsen et al.
(1980) described the decontamination of the 903 Pad area following cleanup of the leaking
drums in 1968. They reported that radiological contamination of 2000-300,000 dpm/100
cm: had penetrated the 903 Pad soils to a depth of 20 cm.

Hicks and Blakeslee (1981) summarized a decade of soil characterization and bench-scale
attrition scrubbing studies performed at RFP on RFP 903 Pad Area soils. Plutonium in these
soils occurs in both pariculate (0.2-um mean diameter associated with soil particles) and
dissolved (or perhaps colloidal) forms. Wet screening and radiometric characterization of the
soils showed that a majority of plutonium (and americium) was associated with soils of the 2.4
mm and less size fraction. Attrition scrubbing of soils with hot (80°C) distilled water or
aqueous solutions of: chemical agents (e.g., H202, Na2CQa, NaClO, Na2SiOs), chelators (e.g.,
oxalic acid, citric acid), detergents (e.g., Oakite NST), and surfactants (e.g., sodium dioctyl
sulfosuccinate) showed varying decontaminating effectivenesses. Oxalic acid (0.1M), sodium
hexametaphosphate (10%), and 10% detergent solutions were among the more effective
decontaminating systems for the 2.4-4.0 mm soil fraction, removing 95-98% of the Pu and
Am. However, residual contamination levels still exceeded 60 dpm/g (27 pCi/g) following the
scrubbing process.

Hicks and Blakeslee (1981) also reported soil washing tests on soils from five DOE sites
including RFP. Three agueous solutions: (1) an aqueous pH 12.5, (2) 2% HNOs3, 0.2% HF, 2%
pine oil, and 5% hexametaphosphate, (3) 2N HC! were evaluated for decontaminating RFP,
Hanford, Mound, INEL, and LANL soils. Variability in the effectiveness of the three-phase
scrubbing process was noted for soils from the different DOE sites. Effectiveness of the
solutions also varied with the soil size fraction tesied.

Pettis and Kallas (1988) conducted bench-scale testing and reporied that simple, room-
temperature wet screening of 903 Pad soils was effective at decontaminating the greater than 4
mm size fraction (approximately 60 wt% of the total) to <5 dpm/g (2.3 pCi/g) Pu and Am. The
>2.4 mm size fraction (approximately 65 wi% of the total) was decontaminated to less than 12
dpm/g (5.5 pCi/g) Pu and 6 dpm/g (2.7 pCi/g) Am by wet attrition scrubbing. The remaining,
<2.4 mm soil fraction was treated by attrition scrubbing, ultrasonic scrubbing, oxidation,
calcination, desliming, flotation, and heavy-liquid density separation. Although somewhat
guarded because of results for selected size fractions, they concluded that attrition or vibratory
scrubbing, and either mineral jig or acid leaching of this fraction would be effective for a
decontamination goal of <30 dpm/g (14 pCi/g).

2.5  Steam Stripping

Of the various remediation approaches noted above, under the thermal category of remediation
technologies, one innovative technology is dynamic underground stripping (DUGS) — which is
an adaptation of steam injection and electrical heating. Steam injection accelerates removal of
the NAPL contaminants and is combined with vacuum extraction to perform accelerated removal
of volatile contaminants such as underground hydrocarbon spills and electrical heating
accelerates the process. Steam injection technology has been demonstrated by LLNL for
remediating NAPLs and VOCs in subsurface soils and clay layers. Aines and Newmark (1992),
and Buettner et al. (1992) (LLNL) have successfully tested this technology, in combination
with electrical heating, on a bench scale and small field scale for the removal of NAPLs/VOCs in
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soils or clay layers at LLNL. EPA’s Vendor Information Service for Innovative Treatment
Technologies (VISITT) reports that steam stripping technology is being commercialized by
Praxis Environmental Services (San Francisco, CA) (Stewart, 1992).

2.6  Bedox Chemistry

Mobilization of contaminants can obtain as a result of physical or chemical action. Chemically
induced mobilization occurs either by chemical action on the contaminant directly (e.g.,
plutonium) or its support substrate (i.e., soil). In the case of plutonium-contaminanted soils,
the mobilization of soil-bound species depends to a large extent on the physical and chemical
properties of both the plutonium and the soil.

Plutonium generally exists in three oxidation states: I, 1V, and VI, and in the natural
environment, plutonium is normally found in either the IV state or, to a lesser extent, the VI
state. The oxidation state of the plutonium is a determining factor in its solubility — Il and Vi
states being more soluble than the IV state, whereas, americium normally occurs only in the lli
state. Redox (or chemical reduction/oxidation) behavior of plutonium features highly in its
propensity for dissolution, and modification of its oxidation state is an important tool in
changing solubility. Cleveland (1971) has described conditions for both reduction and oxidation
of Pu(lV) using a variety of chemical reagents. We will evaluate simple reducing and oxidizing
agents and conditions to accelerate dissolution/mobilization of the plutonium (see Sec 4.1.2).

2.7  Chelation Chemistry

Mobilization of metallic contaminants is greatly enhanced by formation of strong attachments
with chemical binding agents via chelation. Chelation chemistry and chelators {(or chelates) are
often used in association with metals to accelerate dissolution, and/or stabilize/maintain
solubility by diminishing the tendency to readsorb or precipitate. Once resuspended or
dissolved, the soluble species (in this case radionuclide-chelator complexes) are stabilized by
their association with the chelate, which in turn enhances their continued mobility. A variety
of complexing or chelating agents, including EDTA, are commonly used for this purpose.
Chelating agents can also enhance dissolution by tightly binding the radionuclide and preventing
readsorption or precipitation. Chelating agents or chelators to be evaluated are discussed in
Section 4.1.2.

2.8  Chemically Enhanced Steam Stripping

We propose to marry the technologies of steam injection, redox, and chelation for the
leaching/washing of radionuclides from soils. Steam injection/extraction technology, enhanced
by redox and chelation chemistry, will be used to mobilize and flush away radionuclides
contaminating RFP soils. Conceptually, the process is very.similar in design to steam injection
systems involving injection and downgradient extraction wells, but with novel modifications to
the injection system to provide chemical addition upstream of the soil washing regime.

The technology will be refined to minimize chemical injection with the goal of conducting in situ
evaluation or ex situ treatment with the eventual return of the treated soils to the site. The
benefits of this approach include: (1) reducing the volume of contaminated soils, (2) avoiding
extremely harsh conditions therefore improving the potential for soil post-treatment soil
viability and/or replacement, (3) possible tayloring to contaminant and soil conditions, and
(4) combining with stream stripping of VOCs. The approach is also potentially applicable to in
situ operations.
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3.0 Test Objectives

Testing will be conducted in three phases: (1) select promising chelator-redox systems using
fast-turnaround, lab-scale, chemically enhanced steam extraction tests, (2) further reduce
chemical enhancers to 5-10 promising chelator-redox agent systems using bench-scale, soil-
column washing tests, and (3) optimize perhaps three of the most promising chelator-redox
systems using parametric bench-scale, soil-column washing tests. The objectives of this task
will be:

. To characterize the physical and chemical conditions of soils that are contaminated with
plutonium and americium. This includes clay mineralogy of in situ materials.

. To select/obtain plutonium-contaminated subsurface soils from the 903 Pad area for lab
studies and bench-scale tests.

. To select chelating/redox systems appropriate for OU2 soils and define test matrix for
lab studies and bench-scale tests.

. To perform lab-scale tests to evaluate plutonium and americium mobilization/removal
efficiency caused by chemically-enhanced steam conditions. '

. To perform bench-scale tests to evaluate mobilization of plutonium and americium using
chelating agents under suitable redox conditions that simulate in sitv conditions.

4.0 Experimental Design and Procedures

4.1  Experimental Design
4.1.1 Background

Leaching agents were selected based on experience with similar systems and previous
experimental results obtained with plutonium-contaminated soil from the Nevada Test Site
(NTS). These experiments included size fractionation of air-dried soil from the NTS, and
subsequent alpha particle counting of the different soil fractions to rank the size fractions
according to their activity. The results indicated that most of the plutonium was associated with
soil particles less than or equal to 53 microns (53um) in size. Consequently, all the leaching
experiments were performed with soil from the NTS with a particle size of less than or equal to
53 um in size.

The experimental parameters of the NTS soil leaching experiments were: soil to solution ratio
was 1:8, the contact time between the solution and solid phase was 24 hours, the concentration
of all solutions was 0.1 M, and the separation of phases was conducted by centrifugation. The
initial Pu-239 concentration of the NTS soil was approximately 3000 dpm/g (1360 pCi/g)
and all tests were conducted at 20°C. The results are given in Table 3.
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Table 3. Results of Plutonium-Leaching Experiments from the NTS Soils

Extractant % Removal Starting pH Equilibrium pH
EDTA/ 3% H,0, 22 4.4 7.7
EDTA 21 4.5 5.6
EDTA/ 1 eq NaOH 14 8.0 8.6
EDTA /2 eq NaOH 9 11.0 10.9
EDTA/3 eq NaOH 5 12.3 12.0
Citric Acid / 3% H,0, 40 1.9 3.7
Citric Acid / 1 eq HNO3 18 1.4 3.1
Citric Acid i6 2.2 3.8
Citric Acid / 1 eq NaOH 12 3.8 5.2
Citric Acid / 2 eq NaOH 10 5.1 8.2
Citric Acid / 3 eq NaOH 2 11.6 10.2
Citric Acid / 4 eq NaOH 0 12.3 12.3
NaEGTA 13 7.4 6.3
Na,EGTA /2 eq NaOH 45 12.0 11.5

The results in Table 3 indicate that simple complexants can desorb plutonium from plutonium-
contaminated soils, and that the addition of oxidizing or reducing agents assists in the plutonium-
leaching process. Based on the knowiedge of the contamination process at the NTS, we expect
that plutonium-leaching of the plutonium-contaminated RFP soil will be comparable to that of
the NTS saoil.

4.1.2 903 Pad Soil Testing Design Basis

The test matrix given in Table 4 shows seven leaching experiments being performed by LANL at
20°C under another project entitied “Leachablity of Pu from RFP Soils.”

Table. 4. Test Matrix for Plutonium-Leaching Experiments Using Standard Leaching
Techniques

complexanis () water NaOCl NH,OH-HCI Dithionite
redox agents {—)

water X X
Citrate/Bicarbonate X
|EDTA
HNOj;
NH4CO3
Citric Acid

X X X X

Table 4 experiments will test simple complexants, standard leaching techniques, and redox
behavior of the plutonium in RFP 903 Pad soil samples. Based on early results from similar
experiments and knowledge of standard redox and solution behavior of plutonium (Cleveland,
1970), the leaching-test matrix shown in Table 5 was designed. Tests will be performed
under steam conditions, about 80-90°C, on the RFP 903 Pad soil samples under the chemical
conditions shown in Table 5. Other suitable chelating and redox agents may also be considered
and tested under the steam conditions as the test results become available.
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Table 5. Test Matrix for Plutonium-Leaching Experiments Using Combination of
Compiexants and Redox Agents*

compiexants (J) water NaOCl H,O0; [Ozone/c| Ascorbate | NaHSQ4/H
redox agents (—) atalyst 2S

water X X

EDTA/Bicarbonate X

EGTA X

Carbonate/Bicarbonate X X X X X X

* As test results become available, other chelating and reducing agents may be added to the test matrix, as
appropriate.

4.2 TestPlan

Our efforts will be devoted to three main areas: leaching experiments, laboratory-scale column
experiments, and laboratory-scale optimization, described below.

4.2.1 Batch Desorption Experiments

Leaching experiments involve taking soil from the Rocky Flats OU2, adding a solution containing
a complexing agent, mixing the two phases, separating the phases, and determining the amount
of plutonium in each phase. These leaching experiments will be conducted at 80°C using the
experimental set-up depicted in Figure 1. This set up consists of equilibrating tubes containing
the plutonium-contaminated soil and the leaching solution in a shaker surrounded by a metal
enclosure that is kept at 80°C using a recirculating oil bath. The actual procedure to be utilized
for desorbing plutonium from the Rocky Flats soil will be TWS-INC-DP-05, R2 “Sorption,
Desorption Ratio Determinations of Geologic Materials by a Batch Method,” and LANL-INC-DP-
86, RO “Sorption and Desorption Determinations by a Batch Sample Technique for the Dynamic
Transport Task." The determination of the amount of plutonium in each phase will be
performed by alpha spectrometry following the procedures in LA-1721, 5th edition “Collected
Radiochemical and Geochemical Procedures.”

Each experiment will be performed in duplicate. Determination of plutonium concentration in
each phase will be performed by difference (determining plutonium concentration in an aliquot
of leachate alone and assuming that any difference remained in the solid phase). Mass balance
will not be done in these set of experiments to maximize the number of chemical
agents/conditions screened and to accelerate the schedule.

Table 5 (above) gives ten chemical complexant-redox systems (“X”) to be evaluated at 80°C
under this project, -and at 20°C under a related project entitied, “Leachability of Pu from RFP
Soils.” The concentration of the complexants in the leaching solutions to be utilized will be
approximately 0.1M. The concentration of the redox agents in the leaching solutions will be
30-50% of the complexant concentration. The soil-to-solution ratio will be 1:20, the contact
time between the solution and solid phase will be approximately 24 hours, and separation of
phases will be conducted by centrifugation.
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4.2.2 Bench-Scale Column Experiments

Based on results of the batch experiments (performed in Section 4.2.1), additional tests will be
conducted using the more promising solutions which will be eluted at 80°C through a column
containing RFP soils. The procedure to be utilized for the column experiments is given in
LANL-INC-DP-15, R3, “Crushed Rock Column Studies.” The column experiments will be
performed in duplicate. The amount of plutonium leached from the RFP soil will be determined
by alpha spectrometry following the procedures in LA-1721, 5th edition, “Collected
Radiochemical and Geochemical Procedures.” The columns to be used will contain at least 25 g
of RFP soil. Ten to 20 column volumes will be eluted to determine the amount of plutonium
leached from the soil. Experimentai conditions wili be designed, to the extent practicable, to
simulate in situ conditions.

4.2.3 Bench-Scale Optimization Studies

The optimal leaching solutions will be used to optimize the experimental parameters to be
carried into the bench-scale chemical steam stripping experiments. The studies in the
laboratory-scale optimization will consist of maximizing the amount of plutonium leached from
the RFP soil while minimizing the chemical loading of the leaching solutions utilized. Only
environmentally-sound leaching solutions will be utilized in this effort. A careful mass balance
of the plutonium concentration in each phase will be performed in this effort. The plutonium
concentration in each phase will be determined by alpha spectrometry following the procedures
in LA-1721, 5th edition, “Collected Radiochemical and Geochemical Procedures.”

The equipment configuration 1o be utilized is depicted in Figure 2. The reactors will have steam
introduced along with the optimal ieaching solution into a column containing approximately
200 g of plutonium-contaminated RFP soil. The column will have an approximate internal
diameter of 2 inches and a height of 6 inches and will be made of an inert material, such as the
commercial polymeric material, PEEK. Five of these reaction vessels will be constructed at
LANL to sustain a maximum pressure of 100 psi.

5.0 Equipment and Materials

The desorption experiments require:

« Containers with leak-proof caps for sample containment

« A shaker kept at 80°C as depicted in Figure 1

« Ultra and super speed centrifuges to separate the solid and liquid phases after the leaching
experiments are completed

» Calibrated balance

< Analytical pipettes

« Standardized counters to determine the amount of plutonium in each phase after leaching

The column experiments require:

Syringe Pumps

Calibrated balance

Commercially available measuring tools (i.e., ruler)
Luer fittings with frits, tubing

Rheodyne injection valve

Polyetheretherketone (PEEK) or tefion tubing
Fraction collector

Test tubes
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» Standardized counters to determine the amount of plutonium in each phase after leaching

The optimization experiments require:
» A reactor as depicted in Figure 2 whose column is made out of PEEK
« Standardized counters to determine the amount of plutonium in each phase after leaching

6.0 Quality Assurance Addendum
The work plan quality assurance addendum is in Appendix A.
7.0 Sampling and Analysis

Soil and other environmental materials from the sampling area will be handled according to
procedures in the “EMD Operating Procedures Manual” (5-21000-OPS-FO, Rev. 51,
7/26/93), and according to requirements of a process-specific Operational Safety Analysis for
soil tests at RFP. All RFP soils handled by LANL will be stored and handled according to TWS-
INC-DP-83, R1 “Storage and Handling of Solid Samples.”

Representative sampling of bulk soils for radionuclide analyses is a difficult to achieve without
some pre-treatment by physical methods. (It is extremely time consuming to dissolve the large
soil fractions required to accurately assess the plutonium loading.) Reproducibility of
analytical methods is also complicated by heterogeneities in the soil matrix. To minimize this
experimental difficulty and maximize information specific to the chemical/steam conditions, we
will dry and sieve the soils prior to the bench-scale experiments. Assuming, as with previous
studies, that the plutonium is associated with a particular size fraction in the RFP soils, we will
select a soil size fraction for bench-scale testing, which both optimizes experimental logistics
and performance, while maintaining sampling and analytical reproducibility.

8.0 Data Management

Data acquisition and management at RFP follow the general DOE Standard DOE-ER-STD-6001-
92, “Implementation Guide for Quality Assurance Programs for Basic and Applied Research,”
Criteria 4 and 6. Data and other experimental information, which is collected by RFP for the
test program in Section 4, will be recorded and managed in accordance with RFP EMD procedure
for “Scientific Notebooks.”

At LANL, the data from procedures in test plan (Section 4) will be entered and stored in
electronic spreadsheets using Microsoft Excel. Hard copies of the spreadsheets which will
include the data obtained and any procedural deviations will be signed by the technician
performing the work and the principal- investigator. Electronic copies of the spreadsheets will
be stored on a hard disk drive, which is backed up on to an optical disk on a weekly basis. All the
procedures delineated in Section 4 follow the quality assurance guidelines of NQA-1.

8.0 Data Analysis and Interpretation

The results of the experiments in Section 4 will be analyzed following the guidelines given
therein. Experiments will be performed (at least) in duplicate and simple statistical methods
applied to sceening and parametric data. Effectiveness of radionuclide removal will be assessed
by aipha speciroscopy of the soil washing liquids and/or soils following treatment. Because of
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the relative facility with which solution samples may be reduced for radioassay, radiometric
methods will be preferentially performed using washing solutions to establish efficiency;
residual soil levels will be determined by difference. Radionuclide mass balance will be checked
by occassional soil analyses in the bench-scale tests in Sections 4.2.1 and 4.2.2, and regularly
in the parametric tests given in test plan Section 4.2.3.

Although Hayden et al. (1980) have provided some discussion, no soil decontamination or
targets levels are available. The test plan evaluates various chemical systems with a goal of
“the best that can be done.” Further evaluation of soil washing solutions, not effectively
mobilizing plutonium to produce low soil residuals will be discontinued. This approach will
accelerate early screening and refinement of options prior to optimizing/parametric studies in
Section 4.2.3. Overall performance of washing solutions/conditions will be ranked based upon:
effectiveness, efficiency, robustness, as well as other criteria including cost and environmental
acceptability.

10.0 Health and Safety

All health and safety aspects of the work to be performed as specified in Section 4 will follow the
requirements of either the site-specific Health and Safety Plan (HSP) for RFP as modified by
facility-specific requirements of the testing laboratory, or the Health and Safety Standard
Operating Procedures of the Isotope and Nuclear Chemistry (INC) Division at LANL. INC's
Standard Operating Procedures include instructions for handling, storage, and disposal of
radioactive and hazardous materials at Technical Area-48, building RC-1 of the Los Alamos
National Laboratory, where the work will be performed.

11.0 Residuals Management

Residuals and investigatory materials will be characterized by process knowledge or assay to
establish handling requirements. Residuals will be managed at the investigator's facility. At
RFP residuals are covered in “EMD Operating Procedures Manual” (5-21000-OPS-FO, Rev.
51, 7/26/93) or according to building-specific requirements for waste disposition. All
studies will follow the RFP Waste Minimization Plan which places emphasis on not generating
or minimizing the generation of low-level waste (LLW) and/or mixed wastes. The treatability
goal will be to maximize leaching efficiency while using minimal chemical treatment.

12.0 Community Relations

in accordance with the draft IAG, the Rocky Flats Plant developed a Community Relations Plan
(CRP) to inform and actively involve the public in decision making regarding environmental
restoration activities. The plan addresses the needs and concerns of the surrounding
communities as identified through approximately 80 interviews with federal, state, and local
elected officials; businesses; medical professionals; educational representatives; interest
groups; media; and residents adjacent to the Plant.

Current community relations activities concerning environmental restoration include:
participation by Plant representatives in informational workshops; meetings of the Rocky Flats
Environmental Monitoring Council; briefings for citizens, businesses, and surrounding
communities on environmental restoration and monitoring activities; and public comment
meetings on various ER Program plans and actions.
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in addition, a Speakers Bureau provides Plant speakers for presentations to civic groups and
educational organizations, and a public tours program allows the public to visit the Rocky Flats
Plant. The Plant also produces fact sheets and periodic updates on environmental restoration
activities for public information and responds to numerous public inquiries concerning the
Piant.

13.0 Reports

Monthly letter reports will be provided to the RFP Principal Investigator. Additional semi
annual and annual summary reporis will be provided within 61 days foliowing the 6th, 12th,
18th, and 24th project months. Monthly letter/progress reports with provide: summary of
significant results, projection of accomplishments for the next period, and a review of issues
and problems affecting schedule.

14.0 Schedule

Activities described under this work plan cover a multi-year effort containing several decision
points. If successfully shown at proof-of-principle and pilot-scale stages, field demonstration
of this chemically enhanced steam technology is expected to occur in 3-5 years. Activities
planned for the near-term treatability testing of this approach are:

TSI S Ve & e pg

H SomMrrd ¢
Task/Milestone Summary: FY 93 Date Complete
a. Complete work plan, including test plan 08-09-93 m'afm,uféwwwm,/
b. Initiate bench-scale tests 08-13-93 ., .. ces raese
c. lssue letter report on the bench-scale tests 09-30-93

Milestone Explanation:

a. The test plan is contained within this work plan.

b. Collection and delivery of RFP contaminated soil samples to LANL. This includes the
selection, collection, and shipment to LANL of soil samples from the 903 Pad area.

c. Letter Report- A letter report describing bench-scale results and interim conclusions will provide
sufficient details and information to substantiate continuing this effort to the subsequent phases
including a Pilot-Scale Evaluation of this technoiogy in the field.

A detailed schedule for FY 93 and 94 activities is shown in Appendix F.
15.0 Management and Staffing

This project is a joint effort among collaborators from RFP, LANL, and LLNL. The RFP
Principal Investigator and Rocky Flats Office Project Manager will be the point contacts for the
effort. The management and reporting structure is given in Figure 3. The fiscal plan calls 3.0
FTEs in FY94 and FYS5. This includes mostly principals with support staff to support
analytical and more routine tasks. See Figure 3 for the organization chart for this project.
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16.0 Budget
Eunding Schedule:

This Work Plan provides $380K in FY93 for Subtasks 1, 2 and initiation of Subtask 3 (bench-
scale tests). FY83 funding for limited lab testing will be provided by LANL under Uranium in
Soils Integrated Demonstration. LLNL will be funded to provide FY33 peer review. Portions of
Subtask 3 will be carried over to FY94. Subtasks 4, 5 and 6 will be conducted in FY94 and
FYS5.

Budget Summary (Dollars in Thousands):

Sub Task FY83 FY84
1. Design bench-scale tests (work plan) $70 -
2. Conduct field sampling activities of the 903 Pad 30 -
3. Perform Bench-Scale Tests® 280 350
TOTAL $380*" $350*"

*  Ofthe total $50K will be used by RFP to purchase of bench-scale equipment that will probably be
costed in early FY94.

**  Actual FY93 expenses as of June 30, 1993 were $38K and commitment of a total of $90K is expected
by September 30, 1993. Remaining FY33 funding will be carried over to FYS4.

Task/Milestone Summary: FY93 Date Complete
a Complete work plan, including test plan 08-09-83
b. Initiate bench-scale tests 08-13-93
c. lIssue letter report on the bench-scale tests 09-30-93

Milestone Explanation:

a. The test plan is contained within this work plan.

b. Collection and delivery of RFP contaminated soil samples to LANL. This includes the selection,
collection, and shipment to LANL of soil samples from the 903 Pad area.

c. Letter Report- A letter report describing bench-scale results and interim conclusions will provide
sufficient details and information to substantiate continuing this effort to the subsequent phases
including a Pilot-Scale Evaluation of this technology in the field.

Technical P Mil _
EY 93

1. Prepare Bench-Scale Work Plan. This will be completed in early 8/83.
2. Deliver soil samples to LANL. This will be completed by the middle of 8/93.
3. lIssue letter report on the bench scale test progress. This will be completed by $/30/93.
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Funding Basis:

EYQ93 ($K) EYo4 (2K)
FTE 1.0 3.0
Labor 330 325
CE 50" -
Subcontract ] 25
Total $380** *

*  The $50K capital funding in FYS3 will be used to purchase bench-scale equipment for the 881 Lab

experiments and will be deferred to FY94,
**  This is new activity involving support from LANL, LLNL, and RFP and is expected o have a FY93

carryover; funding level for FYS4 is expected to require an additional $350K.
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17.0 Figures
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Figure 1. Equipment for Batch Desorption Experiments at 80°C.
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Figure 2. Bench-Scale Reactor for Plutonium Steam Stripping.
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APPENDIX A

QUALITY ASSURANCE ADDENDUM
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Quality Assurance Addendum
Work Plan Quality Assurance

Experimental work and tests described in this work plan is largely investigatory in nature with
the goal of evaluating various approaches for chemically enhancing steam for the mobilization of
radionuclides (metals). Testing is performed by trained, experienced investigators or their
designee(s) following standard iaboratory practices or procedures. Work will be conducted
according tfo: (1) established or approved laboratory procedures when these are appropriate or
available and/or (2) standard laboratory and investigatory practices, such as that covered the
draft procedure Use of Controlled Scientific Notebooks (3-21000-ADM Procedure No. 5.10,
Rev 0, draft F), and be based on standard literature methods and/or standard scientific
practices.

Approved laboratory or investigatory procedures, or documented modifications thereof, are
referenced in e work plan where available. All deviations from established procedures will be
documented in laboratory or scientific notebooks and approved by the principal investigator.
Work plan efforts will foliow standard NQA-1, Level 3 laboratory and data management
practices. As methods and practices become routine or standardized, procedures will be
developed and approved for this work.
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APPENDIX B

ENVIRONMENTAL MANAGEMENT

STANDARD OPERATIONS PROCEDURE
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SORPTION. DESORPTION RATIO DETERMINATIONS OF
GEOLOGIC MATERIALS BY A BATCH METHOD

- FYY

1. PROCEZDURE IDENTIFIZR: TWS.INC-DP-C5

INTRODUCTION

The purpose of this procedure is to delineate the method for determining batch
sorpuion and desorpion coeficients for the distribution of various chemical species between

geciogic materials and natural or syvmthetic waters.
3. SCOPZ

This document describes the procedure to be used for batch sorption and desorpion

experiments in the sorption task of the LANL YMP.

¢. ~PPLICABELE DOCUMENTS

2.1 TWS-QAS-QP-05.2 “Preparation of & Detailed Technical Procedure”
2.2 TW5-QAS-QP-03.2 “Procedure for Preparation and Technical and Policy Review

of Technical Informeartion Products”

4.4 TWS-INC-DP-33, “pE Meesurements”

2.5 TWS-INC-DP-€2. “Bulk NTS Well Water Samples”

4.6 TWS-INC-DP-63. “Preparation of NTS Core Samples for Crusned Rock Ixperi-
mexnts”

¢.7 TWS-QAS-QP-03.3 “Procedure for Documenting Scientific Investigations”
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The PI has the responsibility for zll operations. He/she may assicn epproprizie

tasks to personnel trazined to this DP. It is the resporsipility of the users of this DP 1o
adhere to the procedure. lnvestigators may cirect devietions from the procecure tpon
approve] of the responsible PI. It is the responsibility of the user 1o document such cevi-

tions iz accordance with TWS-QAS-QP-03.5. I change reguests are in process it is lhe
responsibility of the user to document the procedure change in his laboratory notebook.
It is the responsibility of the users of this DP to repor: unplannecd deviations from this

procedure to the responsiple PIL.
6. PRINCIPLE

This is a procedure Ior the determinaztion of a batch SOTPLiOR coeficient iz which
distribution of & single element or group of elements is measured between z sampie of
grenuiated (i.e., criished) rock or mineral znd an aqueous solution. In the procedure, 2
granular rock or minerz] sample is first comtacted with zn eliquot of the ground water
to be used in the sorption expesiment. This step is intended to allow any new surizces
produced in the semple crushing procedure to react with the ambient grounc water belore
conizct Witk z patticuler radionuchide. The sample is ther contacted with an aliguot of
the chosen weater composition spiked with the element(s) (i.e., radicnuclides) of interest.
The concentrazions) of the eiement(s) of interes: in the water must be below the solubility
of the lezst solubie compound of the element of interest thai could form in the solution.
After an appropriaie reaction time, the water is seperated from the soid phase znc ine
concentszzion of the eiement(s) of interest are determmined in the water and the sokd. Tae

rzzio of the concenirations is obizined and calied the sorption ratio. If the time over

which the solc and water were contacted was egual to or exceeded the time reguired 1o
reach z sieady siate sorption ratio, the ratio is calied 2 sorption coefficient for the chosen
element{s) iz the particular rater/solid svstemm. The time required to resch steacy siate
must be independently determined in time sesies experiments invoiving each of ihe rock

. N

anc minerel types and each of the imporiant racionuciides.

The meszsured sorpiicn or descrption ratio, Rg, is defined as

]

amount or activity of the sorbing or desorbing species per g of souc

amouxnt or activity ¢f the sorbing or desording species per me of solution
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r.- tracer soluticz = origizal solution contzining element(s) (i.e.. radicauciides) whose
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7.3 stock soiution = ground water solution containing the element(s) (i.e.. radionuciides)

whose sorpiicn behavior is to be studied.

v.4 Ultra speed centrifuge = centrifuge capable of achieving a mascmum speed of at
least £5,000 rpm.
7.5 Super speed cenizifuge = centrifuge capable of achieving & masimum speed of at

least 20,000 rom.

.

7.6 Ulira fiter = fiter with pore sizes iess than 0.1 micron

PROCEDURE

g. .-‘*.D..,O_U TZ AND APPROPRIATE EQUIPMENT, INSTRUMENTATION, AND
SOFTWARE

Containers with leak-proof caps are reguired for sample comrzinmen:. A shezlier
. . .

s used to equilibrate sampies. Ultra and super speed centrifuges and/or ulirz-Siters zve
uillizec 1o sepzrzie the solid and Liquid phases zfter equilibration. Centrifuge rotors must
De capabie of withsianding the forces used jor cenfugatioz. Calibrated balances mus: be

.

used for determiming weighis in this detailed procedure. Anzivtical pipets must be used

t0 measure volume quaniities in this procedure. Standardized counters are vsed io aliow

accurale determinalion of radicaciiviiies,
8. EXPERIMENTAL PREPARATORY STEPS AND VERIFICATION

8.1 Obtain & chemical anaiysis, inciuding piZ, Eh, major elements and trace elements,
of the water t0 be used in the experiment(s). A receat water analysis and the

unicue icentifer for the water sample used should be avallzble &s a resuli of the

s

implementation of procedure TWS.INC-DP-£2. If 2 recent water anaiysis i1s not

¢

aveiizble. transier 1o & cleaned bottie & suScent volume of water f-om the source
volume (e.g., barrel) to carry out the pianned experiment(s). Remove 2z ziiquot

-

his bottle for the anaiysis of major end irace components.

t‘;‘

oz

r4
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Cieax the lzbware 10 be used for the experiment. This is usually done by rinsing

the lzbware with cistilied water three times and dming 1o 2 clean aree. Deviations

Or extexsions Irom tiis cleaning procedure will be documented in the laboratory

nolebook.
Iz a cieaned bottle of suFcient volume. prepare the stock soiution to be vsed i the
experiment(s) b}' adding an approp:‘l le emount of tracer solution containing eacn

-

radionuclide of interest to the ground water 1o be used iz the experimezn:. Seczuse
the tracer solution may have 2 pE that is diferent from the ground weaier, check
the pX of the stock solutiorn zfter addition of the tracer. Use procedure TWS-INC-
DP-35. I the pE is different from tha: desired. add suficient HCl or NaOH io th

solution to achieve the desired pH. Agitate the bottle containing the stock solution

.

ock soiution through an ulirafiiter with a

—

& shaker able overnight. Filter the st
0.002 microz pore size or smeller (e.g., Mtho'e CX-30).

o iy

Determine the concentration(s) of the tracer elemeni(s) in the stock solution. If
the tracer elemen: is present only in radicactive form, the conceniration caz be
obtained by counting methods. I both radioactive and norn-rediocaciive forms of

the tracer elemen: are present, additional methods of anziysis will be reguirec.

(n

. \ .o “ « . .. - —~ 7¢~ Y‘\'C ~
Letermine the pr ol lhe stock solution accorcding 1o procedure TwWS-INC-D
Determine the Zx of the finzl stock solution.

Determine the exient 1o which the elements of interest achere 1o the walis of the
coniainer 1o be used in the experimeni(s). This is done by transierming & XZOWR
volume of the stock solution 10 each of the container 1ipes to be tested. A
snaking the solutlon iz the containers for a: Jeast 2 weeks, remove an zliquot of
solution irom the container end meesure the concentration of the eiement of izterest.
I thic conceniration is less then the original concentration of the eiement iz the
stock soiution, czaiculate the amoun: lost to the container per mi of solution. For the

batch experiments, use the contziner type that shows the least loss to the coztainer
walls,

I 2z rock sample is 10 be used iz the batch experiments. precondition the sampile dY

IO P < < . s Seme T
Dlaging ax aonrom::a:e armount ol ihe washed granular sample, obtained th—u TV
1M"

INC-DP-63, in a cleaned comiainer with an alicuot of ground water 10 be used IR

3 P . bl -3 1 . - - . . ..."4 5] p TS TN S
tae sorpuion expenment. Usually, the ratio of water 1o rock/minerz! is 20! to Ig.



17 2 differen: ratio is used record the deteils in the notebook. Shake the weter/Tock

=uxture for &t least 3 weeks. Seperzie the water Som the rock/mineral sampie,
1t toru en 0.002 micron flter (e.g., Millipore CX-30), and have the Sltrate anziyzed

N
, outer

for the ntems given in 8.1, Weash the solid sampie es described in T’WS-NC-DP-CS.
take an zlhiquor, and have it analyzecd for major and trace elements, and minerziogy.

Notebook ZToim

Verify that the following entries ere made ir the laboratory notebook before starting

the experzment:

[{e]
;J

.1 Major and trace element composition, pE and Eh, of the water to be used

in the experiment(s) and associated analvtical errors.
8.1.2 Method of cieaning labware if different from the one specified in item 9.2.

8.1.3 pX of stock solution after final preparation.

.4 Eh of the faal stock solution end the method of measurement.

o

Concen:ra:ion of tracer element(s) in the stock solution and essocizted an-

ntical errors. Verify that this concentration is below the saturztion level
o:’ the least soluble compound of the element(s) of interest that could form
in this soiution. Also describe the method of preparation of the stock solu-
tion I diferent from that given iz 6.3 (lL.e.. :he experimenial steps used for
preperation. notebook TWS number zad peges used specifving these sieps,
or & detailled procecure number ).

[{o]

.1.6 Contziner type to be used in the experiment(s) and the percent of eiement(s)

of interest los: 10 wells of this type of container.

9.1.7 Record the water/roci: ratio used if different than 20:1.
9.1.8 Composition of the water and the mineraiogy of the rock/mineral sample

-

resulting from the preconditioning step 9.8.

-

10. SUITAEBLE AND CONTROLLED ENVIRONMENTAL CONDITIONS
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(€.5., coniroleC almosphere;, record them in the laboratory notebook.

11, DXPERIMENTAL STEPS AND ACCIPTANCE OR REJECTION CRITIRIA OF

11.A. Sorption Procedure
11.4.1 Transler an aliquot (by weight or voiume) of stock solution to 2 cleaned and

dried container of the type specified in 6.7,

11.£.2 For z batch experiment invoiving granuizted rock, weigh out into 2 small
evaporauing dish between 50 and 100 mg of moist pre-equilibrated crushed
rock preparec in step 9.8. Drv the sample 2t 105 degrees C overmught. Weigh

the driec sample and subtract the result from the initial weight.
11.A.3 Weigh & clezned and dried container of the type specified in 0.7,

11.A.4 For 2 batch experiment invoiving granulated rock, add 2 suficient zmount
of moist pre-equilibrated granulzied rock to the comtainer weighed in 11.A.3
to obtain the desired weigh! of dried rock iz the conmtainer given the water

content of the moist granulated rock obtained in 11.4.2. Weigh the con-

tziner with the gramuited rock. For en experiment involving 2 pure minerza!
separate, Simply weigh out & suffcient zmount of the dry minersl izio the
container weighec in 11.4.3. I the minerz] sample is not drv, follow th
same procedure as described for moist granulated rock.

<

11.A.5 Add 2 knowm volume or weignt of the stock solution to the container and

record Jullan cate. Weigh the contziner with the mixture.

.A.6 Mix the containers iz 11.4.1 and 11.A.5 using = ead-over-end laboratory

mixer. Mix a: a2 speed between 0.1-0.5 RPM. Usually, the container(s) is
- -l \

mixed ior tbree weeks. Fecord the misdng time in the laboratory notebook.

-

12.4.7 Alier the shaking is complete, weigh the container(s).

-

11.A4.8 Foraniniual seperation of phreses, centrifuge the containers for one hour at 2

.. . . - : o\ - s . .' - -
mummeurm of 5.000 rpm. After cenimifuration. remmove most of the supernziant
T 4 : 1
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from esch comiziner zad transier 10 & clean coptainer. Take 2o zpproprizie
sizec zlicuot of this solution and determmize its pE following TWS-INC-DP-
3i.. ’

I the concentration of the element(s) of interest in the solid is required or

i & desorption experimen: is planned for the solid szmple, remove £s —uch

of the remaining supernatant as possible from the contziner containing the

et andddadin -
S . - - -

solid sample.

e R

e e cer e e

I 2 desorption experimen: is not planned for a given sample, the concen-
tration of the radiomuclide in the solid fraction is obtained by :aking 2n
eppropriate zliguot of the moist solid, weighing the aliguot, dryving it at 105
degrees C, weighing the dried semple, 2nd determining the amount of tracer
1o the solid using the approprizte enalvtical techrigue(s). Subtrac: the drv
sample weight from the moist sampie weu:m to obtain the water content of
the sampie. ..

If 2 desorption experiment is planned, follow procedure given in 11.4.10 but
use 2n zliguot of 100-200 mg so that 2 sufident amoun: of solid remains ior
the desorption experiment.

— Lo es -

I further separation of solid from solution is to be accomplished by uitra-
fltrztion go to step 11.4.16. If this separation is to be accomplished by

o -

imifugation, folow steps 11.A4.13 through 11.A.17.

11 R

ttaken 1n 11.A.8 at 2 minimum of 12,000 rpmx for cze

hour usin 1 £S3 cenirifuge or equivaient.
Take an aopm'o"m'e aliguot of the supernace iz item 11.A4.13 and place in a
CMCO“Y&Q&- _ Bonihi R

Contizue the sepzration of the phases by centrifuging the aliguot taken in
nem 11,414 at & m.n.mum of 12,000 rpm for two hours using the same
cenimifuge &s used in 11.4.12.

Take 2o appropriate zliguot of the supernate from item 11.4.15 and place it

in & clezn container.
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22417 Cozntizue the separztion of the prases by cenirifuming the aljcuo: tokez in

tem 11.A.16 at 2 mizimum of 25.000 rpm for at least 12 hours using a

Sorvell OTD €5B Uliracentrifuge or equivaien a Servell A-641 Rotor or
ecuivalent. Go to step 11.4.10.

21.A4.18 To complete the separation of the phases by ultrafliration. take a5 appro-

priate eliguot of the Dguid sampie ob:ained initerm 11.A.8 and separzte the

phases using an ulira-fliter of appropriate pore size (e.g., Millipore CX-30:

100.000 M'W). Follow manufaciuress instructiozs on the use of the uitrafiter.

11.A4.19 Tzke an appropriate aliquot of the liquid phases obtained in 11.4.17 or

1.4.18 and enalyze it 1o determine the amount of tracer in this solution

using the zppropriate znalytical technigue.

fo)
§-4

Teke the remaining aliquot of solution 2nd determine its pX using procedure
TWE-INC-DP-35. After compieting the pH mezsurement have the solution

o
S

o>

anelyzed for major and irace elements.

2l.z. Thelollowing entmes must be made in the lzboratory notebook:

-

1l.z.l Idenufcation number of balance used for weighing.

11.2.2 Volume or weight of the stock solution added 10 the pre-ecuilibrated cm

TOCK.

[y

1.2.3 Jullaz cate a1 the beginning of the experimen:.

o3y
N,

1l1.z.4 Weight of the container, dry solid sample. and stock solution addec.

11.2.5 Amount (by weight or volume) of the aliquot of the initizl stock solution
aneiyzed end pE determined for this soiution.
. , .

R

Weight of the container after equilibration.
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~..&.8 I desorpuioz s going to be efected, record weight of the container with the

moist equilibrated solic sampie. I the sobic is 10 be znziyzec for determina-
tion of the emount of tracer in the solid phaase, record weigat of the aliquot
of the moist and d-ied solid

11.2.8 Method usec {or seperation of phases; if Sliration is utilizec record the pore
size of the witra-filter used. If centrifugetion is used, record type of centrifuge
LY

and diameter of rotor. Also record the amount (by weight or volume) of the

aliguot(s) of solutions enalyzed in step 11.A.10.
11.2.10 Ry vaiuve(s) calculated.

Desorption Procedure

11.B.1 Add & known emounz of the water used in the sorption experiment to the
sample prepared in 11.4.10 and record the Julian date. Weigk the container
with the solid and the water. e ’

11.B.2 Ehake the container for three weeks or & more epproprizte period depencing

on the specific experimen:.

11.B.3 Follow steps 11.A.8 anc 11.4.12 through 11.4.20 as appropriate.

Notebook Izin .

22.b. The iollowing entres must be meade in the leborztory noiebook:

tification number of balance used for weighing.

3
.l
7
—d
-

11.b.2 Volume or weigh: of the water added to the solid sampie from the sorption
experiment end Julien date at the beginning of the desorption experiment.

11.b.3 Weight of the comiainer. equilibrated solid sampie, end water adcec at ihe
beginzing of the desorption experiment.
17 4T e 18 al is |

- - - - - -~ - - -« A 9
-4.0.% Lnines speciled ondtems 11,A.5, 11.A.6, 11.A.7, 11.A.8, ana 11.A.10.

-2 POTEXNTIAL SOURCES OF UNCERTAINTY AND ERROR



cem
Poential sources of error inciude the following:
-2.1 Malunciions iz equipment (balances. cousnters, shakers.etc.)

12.2 Improper use of equipmezt.

“ ..

22.3 Lmproper calibration or standardization of equipment.

12.4 Incompiete separation of solid and liguid samples.

. . . .

1ssolution of solid sample during the experiment.
T g T

[a)
!

ot
.

12.6 Lezkage from the container during shaking or handling.
12.7 Mlisidentificetion or imierferences in gamma-ray Specirurm.
12.8 Improper recording or transier of data.

13. METHOD OF DATA REDUCTION

A
9

Data recuction consists of simpie addition 2nd subtraction operaiions to obtain ne

weighis and volumes and epplication of the eguatiorn in section 7. The concentraiion of

tne elemeni(s) of interes: in the solution phase are obtained directiy from step 11.A.10.

LR
Ny (et en i e o

T2e mass or activity of the element(s) of ipterest in the solid are obtained by muitipiving

’

‘Ze volume of liquid (iz mi) obtained in 11.4.10 or 11.A.11 times the concentration of the

. , - ¥ . . PR - el tmen - o ey - -
c:ement(s) of interest (per ml) obtzined in 11.A.18. This mass or activity is subirzcie

rom the mass or activiiy of the element(s) of izterest iz the solid obtained in 11.A.10 or
A

g

Record the information required for preparatory verification (outline

A

‘U
£
v
o,
Q
8]
13

d
i2 the laboratory notebook. Recorc any special conditions used for sample pre
‘e laboratory notebook {see section 10). Record the information specified in seciion il
iz the lzboratory notebook.

1z T AN DT T OV Ty, T
SAMPLI/SITZ TRACTA

- CER P & SOy,
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~a¢€ trace=dinry of the rock and miners! sampies used iz this procedure follows the
procecure described in TWS-INC-DP-83. The e Tushed rock utilized will casry its ruzigue
idemtifer rom TWS-INC-DP-63. The water utiized in the expesiment vAll carTy its unigue

“ &CIN 4

idextifier Fom TWS-INC-DP-62.

QUALITY ASSURANCE REQUIREMENTS

PR -

16. ACCEZPTANCE/REJECTION CRITERIA FOR DETERMINING TEAT ACTIVI-
TIES EAVEI BEEN SATISFACTORILY ACCOMPLISEED '

A1l batck sorption experiments will be done in duplicate. If sorptior ratios obtzined
in duplicate experiments Vary by more tkan a factorof 2, the experiments must be repezted.

Verify that &l necessery Iinforrmation for the sorption and desorption e‘coer:men:s

D)

speciled in section 11 is recorded in the laboratory notebook.
7. EANDLING, SEIPPING, AND STORAGE REQUIREMENT
No special reguirements are Decessary for sampies used in this procedure.

18. IDENTIFICATION OF QA REECORDS TO BE CENERATED AND TEEIR CON-
TROL

-

The records produced by this procedure will be recorded in the inv tigator’s lab-
oratory notebook. The dataz obtzined will be puplished in eccordance with LANL Policy
ena TWES-QAS-QP-03.2

- TRAINING REQUIREMENTS AND METEODS

Sieff members and technicians essigned to this work will be quelified by formel
oa-the-job iraining under the supervision of quaiifed personnel according to TWS-QAS
q

20. CALIBRATED INSTRU VENTATION INFORMATION

[anai

The balance(s) used mus: be calibrated according to TWS-QAS-QP-12.1. The
tolerance on the speed of the centrif: uges 1s suficien:ly large so they do not need calibration.
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Unplanned deviations from thic procedure will be documented in the notebook. The
responsible PI or his designee will make 2 determinztion 2s to whether 10 use the dazz
Tr

effected by the deviation. If a decision to use the catz is made, the justifcation for tais

decision must be entered in the nvestigator's laboratory notebook.

22. SUBJEZCTS REQUIRING VERIFICATION

s~ .

The recording of the information specified in section 9 needs to be verifed before
initating the experim
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SORPTION AND DESORPTIO.\’ DETERMINATIONS
BY A BATCH SAMPLE TECHNIQUE FOR THE
DYNAMIC TRANSPORT TASK

1.0 PURPOSE

The purpose of this procedure is 1 delineate 2 method for de termining sorpuon and
desorpuon coefficients for the dismibuton of various species berween geologic matenals
and narural and svathedc waters, The Dynamic T*'ansocr: Task uses mosuy coiumns of
differen: configiratons 10 determine the characieristics of the geologic media.

2.0 SCOPE
This procedure can define guidelines 10 be used for sorpuon and desorpnon studies in the
1asks of the LANL YMP.
3.0 REFERENCES
3.1 TWS-QAS-QP-03.5 "Procedure for Documenung Scientfic Investganons’
3.2 LANL-YMP-QP-06.3 " Preparadon. Review, and Approval of Detailed Technical
Procedures”
3.3 TWS-QAS-QP-12.1 " Procedurs for Conmol of Measuring and Test Equipment”
3.4 TWS-INC-DP-35 "pH Measurem
3.5  TWS-INC-DP-62 "Bulk NTS Well Water Sampies™
2.6 TWS-INC-DP-63 "Preparadon of NTS Core Sampies for Crushed Rock
Expenimens”
2.7 TWS-INC-DP-£3 "Siorage and Handling of Solid Samples”
4.0 DEFINITIONS

The measured sorpon or desorpton rano, Rd. is defined as

amount of the sorbing or desorbing specics per g of solid
arnount oI the sorbing or desorping species per mi of soludon

Rd =

Trazer solution = solution containing siement(s) whose sorpHon behavior is 10 be studied.

Ulte speed ceamifuge = centrifuge capable of achisving 2 maximum speed of at Jeast
62,000 pm.

Super speed cenwifuge = cenmifuge capable of achizving 2 maximum speed of at jeast

..OOOOr“"i



6.0

RESPONSIBILITIES

The PI has the responsibility for 21l operadons. He/she may assign appro Driale 2SKS 10
personnel rained 1o this DP. It is the responsibility of the users O this DP tc aghers 1© the

procedure. Invesngators may direct cevianons rom the proczdure upon approval of the
responsible PL. It is the responsibilitv of the user 1o gocument such devianons in

ccordance 10 TWS-QAS-QP-03.5. It is the responsibiliry of the users of this DP to report
unpianned deviatons from this procedure 10 the responsidie PL

PROCEDURE

The rained vser of this DP will follow the steps List=d in sectons 6.3, 6.4, and 6.5 10

conduct 2 batch sample experiment All darz recordec at

each siep is 10 be recorded in 2

laborztory notebook pursuant 1o TWS-QAS-QP-C2.2.

6.1

Principie

(IR SS g
Transport Task of the LANL YMP. This procedwe can be utilized to measure 2
sorpdon redo. If sorpnon equilibrium is arnainec dunng Ine eXpenment 1ne
measurec rato is the dismibunon coefiicient

This procedure can be used to study sorpdon or G2serpuon in the Dynamic

Eguipment and Hardware/Sofrware

Contziners with a leak-proof cap must be used for sample containmenr A shaker
is used 1o equilibrate the sampies. Ulme- and super-spesd cenmrifuges and/or
membrane-type filters are ngiized 1o separate the soiid from the iiouic phases after
eguilibradon. Cenmifuge rowors must be capadie of withstanding the vejocines used
for cenmifugaton. Calibrated balances mus: be vsed for determining weights in this
detiied pr xedure. Anaiviical pipets must be used 10 measure volume guannoes in

s procequre.

-

.1 If 2 maifuncoon of ecuipment occiTs Gunng Uiis procequrT e expenment

Aot b
15 lermmnaiec

6.

to

The sampias generaied by this procedure can be radioacave: thereiore. they

shouid be handled in accordance with any appiicabie LANL sarery
procedurs. The cenmifuges must be OPETaISC IR 2CCOrancs with e

o
t
12

bdan dd

manufacmurer’s inSTucuons.
Preparatory Venficanon

6.3.1 Hold Peints
There 2re no hoid peints for this procedure.

6.3.2 Calibranon
Balances used for weighing are required to be calibrated pursuant o
TWS-QAS-QP-12.1. When dat are collect=d from 2 balance. the unique
identifier number of that baiance is recorded in the user's laboratory
recuining

not=hook 2lone with the datz collected. No other sguipment reguin
calibration 1s used In this procecure.

£4e]

o
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wionmenm! Condino
NO sp:,,.;u c'w*:orm:nmi condinons artT mcux-d for this DP. If anv special
condizons are udlized, they wil be r= rCed in accordance with secuon 6.7
s
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Conrol of Sampies
All sampies will be controiied using the following procedures:
. TWS-INC-DP-62 "Bulk NTS Well Water Sampies™

. TWS-INC-DP-63 "Preparadon of NTS Core Sampies for Crushed Rock
Expenments”

. TWS-INC-DP-83 "Storage and Handling of Solid Sampiss”
Impiemenang Procedure
Experimental Steps for Data Acguisiton

6.5.1 Clean the containess o be used for the expeniment. The containers are
usually cicaned by rinsing with deionized water thres omes and Grying
without permiting contaminanon. Deviaton from s cieaning rounne

will be documen nied in secdon 6.7 of this procegure

6.5.2  Weigh an amount of the material 10 be used inw 2 cieaned container.
Detzrmine the weight of the container with the marerial 10 be usec.

6.5.3 Add 2 known voiume of the water 10 be used in the :xv-:* nent o the
contzine rrom item 6.5.2. Detrmine the weignt of the container alier
addidon of the waier.

6.5.4  Shake the mixed r:has“s Normally the pre-equilibranon siep s performed
for 2 peniod from 2-14 days.

6.5.5  Cenmifuge the mixmure for at jeast 2 hours a1 2 minimum speec of
5,000 rom.

6.5.6 eparate the p‘nwcs (bv decanting or pipeting the solunon).

6.5.7  Determine the weight of the conrziner from item 6.5.6.

6.5.8  Prepare the wacer solutdon 10 be used for this experimen: and document

the method used in the notebook

(@)
th
\0

Add z imown voiumne or weight of the Tacer © the pre-eguilibrat
matenzl, “‘"o*c the y lian dare. Derrmine the weight of the comam:r,

PRSI

mois: material and r soiunon added



orate

Take an aiiguor of the wacer soludon and anaiyze 1L LSING the 20PTOpn2
analyucal tecanigue. 10 gziermine e ininal cowc:n:'.mon o .'1: TnCeT
the soiunon used. Take a second ..JluLO' 10 determine the pH of the macer
soiuzon following TWS-INC-DP-2

o
th
-

(@)

6.5.11 Shake the conminer in item 6.5.9. Usually the containenis) is shaken for
thres weeks. If 2 different ength of ome 1s unlized. the deviauon will

follow secdon 6.7 of this DP.
€.5.12  After cquilibratdon, weigh the container.

3 Separate the phases by filzaton using 2 membrane-rvpe Diter of
2ppropriae size or by cenmiuging the sammc(s) for one hour at2
minimum of 5,000 rpm. After separaton. take an aliquot of the £ Hirate (if
filranon is used) or the supernatan: (if c:nm:uganon 15 used) and Tansier

10 a clean conainer

(@)
tn
v
L

6.5.14 If d‘-somn‘on is going 10 be performed. remove the remaining supematant.
welgh the container with the mo:ist materizl. and follow the gesorpaon
pmc-”"" If the solid is going to be analyzed for determin agon of the
amount of tacer in the solid phase, remove the r:mmmnv supernatant
take an aliguot of the moist mat.ma. weigh the aliquot Jet dry, weign the
dried sampie, and detemmine the amount of wacer in the souc using the
approprizrs anaiyrcal echnigue.

6.5.15 If scparzdon is performed by flrzdon in step 6.5.13. usz 2 pordon of the

Slszie for pH detzrminadon following TWS- INC- DP 23 and proceed 10

step €.3.16. If separaton is periommed by cenmifuganon, proceed 2s in

steps 6.5.13 through 6.5.18.

6.5.16 Conznue the separaton of the phases by ifagmg the aliguot izken in
step 6.2.13 at 2 minimum of 12,000 om IO‘ hour.

6.2.17 Take z2n 2liguot of the cenmifuged sample I SieD 6.5.16and placeina
ciean container

6.5.18 Conun separazion of the phases by cenmifuging the aliquot 12ken in

the
17 2t 2 minimum of 12,000 rpm 1or two hours.

us
5.

step €.

6.5.19 Take zn aliquot of the cenmifuged sampie in sizp 6.5.18, place it in 2 ciean
conwminer, and analvze it 10 dezrmine the amount of acer in the SOIUTOD
using the appropriate analytcai t=chnigue. The rt*nazmng soludon is used
for pH determination following TWS-INC-DP-3

Datz Accuisinon and Reducaon

Cazlcuiate the R4 according 10 the d=finidon given in secuon 4. 0. Thnis calecuiaz
can be performed directly ¥ the amount of Tacer in e - solid phase has been
measured. Tne ”.‘lbumqon can also be performed by difference using the macer
cm:‘:n'::mon. in the inital and macer-conaced soiunons in order 10 determine the
ent in the soiid phase.

e

amount of the macer that abandonec e s jucon anc is pre ores
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€.7 Deviagons From e DP and Potznzal Sowses of Eror and Uncemainy

Anv deviadons from this procedure will be documented in the user's laboraion
nowzdook. If .n- &xuzmon 1s deemed cnocal by tne Pl then 2 wninen siaement vml
be pur inio the users laboratory notebook evaiuatng the pownaal sourcs of eor
ang unceIamey.

RECORDS

Records resuldng from the proper execudon of this DP 2re enmies in the laboraiory
NoOEDOOKS.

ACCEPTANCE CRITERIA

As long as this DP is followed and no critcal devianon (see secton €.7) is made. this cata
will be 2ccepred 25 gualified cata for the YMP.

TRAINING

Stz mzmbers and technicians assigned 10 this work will be qualified by formal "hands on”

Talning under the supervision of quaiified personne!
ATTACHMENTS

None.
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rushed Rock Column Stuaies

1.0 PURPOSE
This dewziied technical procecure (DP) describes dynamic ranspon 12sls on crusned rock
columns bv studving the flow of 2 known tracer with a known flow rate througn & coiumn of
crushed rock for the Yucca Mounwin Site Charactenizauon Proyect (YMP).

2.0 SCOPE

This DP applies to all YMP personnel who assemble, prepare. an€ sampie crusheg rock
columns within the Dvna"nc Transport Task of the Los Alamos Nauonai Laboratory (Los
Alamos) YMP.

REFERENCES

(Y]
Lol

TWS-QAS-QP-02.5. P Dcwurc for Documenting Scienufic Invesugat ons
LANL-YMP-QP-12.1, Procedure for Control of Measurning and Test Equipment
LANL-INC-DP-35 pH ! Ieasulemems
TWS-INC-DP-€Z, Bu NTS Well Water Samples
TWS-INC-DP-63, Preparation of NTS Core Samples for Crushed Rock Expenments
TWS-INC-DP-£3, Storage and Handiing of Solid Samples

.

4.0 DETINITIONS

.1 Trzcer soiunion

KES

.

The trzcer solu lon is the solution coniaining the subsiance!s) whose diffusion behavior

[ 38
4
[ &)
X
-
w

he eluzie 1s the solution resulting from an eivuon process

4.3  Collecuon 1
The coliection time is the time interval berwesn coliection of eivaie sampies.
2.4 riowraie
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The tracer conceniralion In initial vacer soiuton In ume (l.e.. the aliguot of the iniual
tooer seluuen ez 2 iz b2ginaing of the expeniment) corresnonas 1o C (1=0).

2.6 ¢
The tracer concentrauon in solution 1 at ume t (soiution 1 represents the ejuate coliected

during ume L).
RESPONSIBILITIES

nvesugaior (PI)

wn
s
"
N
8
o |
0
S8
—t

The PI has overall responsibility for work performed under this DP, ensures that each
user is trained, recommends and directs vanaiuons when appropnate. and determines
the acceptability or ¢ata. The PI may assign poruions oI these (2Sks 1o appropnate

personnel U c.m.,d to the DP.

n
1)
!
wy
{0
rq
(7]

YMP personnel who use this DP are responsible for adhering to the procedures
descoiped in 1t and for documenung devialions irom this procegure in accordéance with

QP-03.2

s ie) \ITDY T
6.1 PRINCIPLZ

This procedure descnibes the set up and proper CONCLC! Of crushed 7OCK column
experiments. Resuits are useg to bzich SOTpLON measurements unae owing
conciitions. By comparing differences berween baich measurements and crushed rock
column measurements. one will be a ble to study multipie species formation, colioid
formezuon, anc other geochemical reacuons.

®
<

3]
[ @4
N
o
(Y
(@]

n)

*

Equipment needed is listed below. Items eguivalent to those lisied below may be used
provided they perform the same funcdon with an accepuable level of performance as
iudged by the user or the PL

260 ML Isco syrin pump or 60 ML syringe pump

ICromeler, or ¢z 'D o)

[

L ]

¢ commerciz \’ avaiizble mezsun ; 100is {i.e.. 12pe measu
.

i

L
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® Poivether Etherketone (PEZK) or teflon tuding
* Polvetnviene fmts and Luer fiuings
® fracuon collector vials
® 1257 IuDes
¢.2.1 Ecuipment Maliuncuons

The eguipment used to implement this procedure shall be in good repair
before the expenment Is swared.

O
t

2.2 Szfery Considerations

The eguipment required to carTy out this procedure shall be used in
ccordance with anv appiicabie Los Alamos salety procedure.

PREPARATORY VERIFICATION

There are no critical setup parameters, prerequisites, or mandatory verification points.

- b ¥

Eold Points

h
(93]
[

~

There are no hold points for this procegure.

€.3.2 Calibration

€.2.2.1 Balances used for weighing are recuired to be calibrzied pursuant
1o QP-12.1. When caiz are coliectec from z balance. the unigue
identifier number of that balance is recorded in the user's
lzboraiory notebook aiong with the caiz collecied.

€.3.2.2 All pH determinations shall be conducted in accorcance with DP-
25. The unique identifier of the pH meter shell be recorded In
the user’s Jaboratory notebook.

€.2.2.3 The measunng instruments used (1.e., tape measure, ruier,

cziiper, or micrometer) are commercial-grade and do not require

czlibranion pursuan: to QP-12.1.

€.2.3  Environmenial Condinons
No special
conditions are usec, they will be recorded accorcing 1o Secuon 6.

Db.

-

environmentzl conditions are reguired for this DP. If any special
: »

N
oI tnis



€.5

CONTROL OF SAMPLES

s

h

1es,

N
(A%

! sampies will be controiled according to DP-83, Storage anc Hancling of Solid
mni

IMPLEMENTING PROCEDURE

(@2
.’\
—a
e

repare the crushed rock according to directions in DP-€3.

L2 Prepare the column.

(04

€.5.2.1 Mzke the column from acrviic or teflon tubing with e'm caps
machined from polvether Etherketone (PEEK) matena
Polve'hvlene frits are utiized in the end caps to hoid in the

matenal
Lo brws d

Measure the length of the column to within 0.25 in., using 2 @pe
measure or ruler. Record value in notebook.

o
in
1
®)

Weich the empty column. Record vaiue in notedook.

o
tn
to°
)

6.2.3 Prepare the tracer soluton
€.5.5.1 Dre:a:e 2 solution of the zppropriate ground water coniining the
er(s) 10 be "sed The source of the ground waler and lracer(s)
are specified by the PI. Record the 1ype of tracer anc the method
of preparzion in the notebook.
6.5.2.2 Mezsure the pH of the solution accor€ing to DP-35 ang record in
the no:ebook.
6.2.3.3 Place an zliquot of the tracer solution in & capped conwzner (the
tracer concentralion of this aliguot will be used 10 delermine ne
inidal concentrzuon of the tracer).
6.5.4 Pack'the column with either drv or wet crushed rock.

€.5.4.1 For z arv Daﬁkw‘ column, pour the rock into the column through
the funnel. 1 essarv, wap or vibrate column to make the rock
reach the bottom of the coiumn. Somp banding may appear as &
result of differences in paruc e densiues: smeall, numerous bands
are desirzble. If the oanc s too wide, remove the rock from
.

the column and then pack g"’n Remove the funnel ang repiace
] end cap and fmit. If seiding occurs whnen water 1S
pumped through the column. remove the top Luer fitung and fnt,
replace the funnel. and add more crushed rock. Weigh the

packed column and recor weight in the notedoox.
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R ror a el ‘ua..xw column. pour a Siu O Crushed roCKk an
waier into the funnel. When e column 1s full. remove the

1S
funnel and arach an end cap and frit. If serding occurs, remove
the top end cap and it 1epiace ihe funnel, and ag
rock. Weigh the packed column and record value 1n the

01eho0kK.

Prepare the pump by filling 1t with the appropnate ground water. as specined
bv the Pl. Check all the connecuons from the pump 10 the injecuon vaive
(l.e., the injecuon valve loop, from the injecuon valve 10 the column, and
from the column to the collecnon vessel).

Place the pre-weighed vials to be used for eluate collection in the fracuo

collez:or. Che k injection vessel or collecuion vials for correct joading in the
fracuon collector. Record weignts and vials in sequence.

etermine the flow rate through the column. Weigh ten or fifteen test tubes
and record the weights. Pump z definite volume of water through the column
for a fixed period of time and collect in each of the tubes. Weigh the tubes
again and record the weight of each tube. The flow rate is determined from
the weight of the water in each tube and the ume of collecuon.

Znsure that the following datz are recorded in a notebook:

¢ Unigue identfier of the sample used to prepare the column (carmed from
the procegure DP-€3). If more than one coiumn has been prepared :7om the
same NTS sample, an additonal aiph:mume:: character will be zadec 10 the

idenniier in orcer 10 MaINi2In uniCueness.

¢ The length and dizamerer of the crushed rock coiumn.

¢ The weigh: of empty column.

® The weight of packed column, dry packeC or wet packec.

® Thne unicue identifier of the water used (carmied from DP-62).

® The tracer soluton to be used and anaivtical method of preparation (e.g.,

the expenmental sieps used for prcpa:adon, notebook TWS number and pages
sed specifying these steps, or a detailed procedure).

[ 4

-

¢ Tne unicue idenufier of anaiyucal balance used.

e flow rzte through the crushed rock column
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e The voiume of :wbing from synnge or valve 10 Column.

e The voiume of wbing from column to collecuon vesse

€.5.10 Conduc: the expeniment

10.1  Load the traced solution in the injecuon valve loop.

(@)
L4

£.10.2  Tumn the injecuon valve to injecr and turn on the fracuon collector
for vial coliection or inseri the tube into the coliecuon vessel.

(@)
t
-

.10.3  Record the date and ume.

(@2
th
—

€.5.10.4  Place an aliguot of the tracer solulion in 2 coniuainer (ihe tracer
concentrztion of this aliguot wiil be used to cetermine C, at an
arbitrery ume /).

6.5.10.5 - Ensure that the following entries are recorded in 2 laboratory
notebook:

e The volume of the injection ioop.

e The szt time of eluzte coilection and a2mount of iniual tracer
solution 10 be andl_\zvc, specifying the units Of voiume or welghi
used for measuring amoun:.

¢ The sizrt time of the injecuon.

*
—
>
(¢

The tare weight and totzl weight o each vial.

!

L ]
[
3
(44

ID# of ana_vu*“ baiance used.

o
.
o
I

e The znalviical technigue used and a rerference 10 th

i

procedure used for this technigue.
® The collection time 1o be uses on fracuon collector

€.5.10.6 At the conclusion of the experiment (determined by the PI based
on the znalyrcal results of the periodic sampies), determine ine
pH (according to DP-25) of the soluuon in the non-iac
reservoir and record the dziz in the notebook.

[¢]
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€.6 DATA ACQUISITION AND REDUCTION

The ware and the final weight of elvate vials are later reduced by subtracung el
welgnts rom final weights of the coliecuon vials and civiaing by tie €lapsed ume in

order 10 obwun the flow rate of the coilumn. The reizuve concenuaion of the trazer.
C,(1)/Cy(t), will be calcuiated for each eiuate coliected

TEZ DP AND POTENTIAL SOURCES OF ERROR AND

PPt

h
-~
@,
tri
<,
>
Ehe|
> O
> 7
[V}
14
7.1
O
=

UNCER mNTY
Any deviations from this procedure will be documented in the user’s notebook. If the
ceviauons are deemed cniucal by the Pl a2 wntten siatement will be pul 1nio the user's

laborztory notebook evaluaung the potential sSource ol er7or and uncerainty.

The most common source of eTor that resuits in c' t2 relecuon is leakage or the
column. Lezkage can be causec by loose Luer conne eciors. Leakage 15 getecied by
penodic visual Inspecuo If leakage :s oem"zvd record this provlem in ine jzaboratory

notebook and reject the daiz

Evaporziion of the tracer in the collection vials can cause errors in the result
Conseguently, keep the collection viais capped afier eluate collecuon.

RECORDS

necor"fs resuling from the proper °~<°~vxion f this DP are entnes in the laborziory
books an¢ QA approved soitware. Ziectronic Catz shzll be documented according 10 QP-

Proper recorcding of the date SDe: Died 1n Sections 6.3.8 and 6.5.10.6 consutute the accepiance
criteria for this DP. If no criucel deviatons (see Secton €.7) were made. these daiz will be

he

—

The PI or his designes will formezlly train the users assigned to impiement this DP. e
treining will reguire observarion and evaiuation of the performance of the trainee 2s he

follows this DP.

ATTACHMENTS
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PROCEDUERE
€.1 Sampie Inventory Logbook

(03]

o

@

The Sample Inventorv Logbook is 2 notebook and any associated binders that is dedicated to
recording or logging the receipt, origin, location, anaivtcal results (if appropriatel. and current
custodian (if the sampies are not in the storage area) of solid sampies used in the YMP at TA.
48.

€.1. Logbook entries

[

Entries ix the logbook must conform with the reguirements of the procedure for
scientific invesdgations (TWS-QAS-QP-02.5, which requires all entries 1o be initialed
and dated) and should follow & consisten: forma:. One page of the book should be
devoted to each sample; the firs: several pages of the logbook &hould be & tabie of
contents that indicates the page number(s) that is (sre) dedicated 10 an individual
sampie. On the sample page, the initial entry should indicate the origin of the sample;
for procured matenals, this would be a simpie reference to the purchase request
number. For svnrhesized materials, the origin entry should reference the notebook
number and page that describes the procedure that was used 1o create the materiel.
Subseguent entries shouid represent a chronology of the history of the material,
inciuding who took custody of the material, when it was moved to another locaton,
when it was depleted in experiments, and references to the binder that coniains copies
of any anslytizal results or other perdnen:t records.

6.1.2 Logbook binder

Seperate loose-ieaf bindex(s) are considered par: of the Sampie Inventory Logbook and
are used 1o coniain seperate copies of analyteal results and/or other tests perfcrmec on
solid materiais. Each page added to the binder(s) must be clearly numbperec in the
upper corner and listed on the 1z2ble of conzents pages in the front of the binder.

Receipt of s0lid szmples

PRgS
St
O i

When solid material is received (from a supplier, from the YMP Sample Management Facilin
from another investigator, or fom an investigator wno synthesized it), it will either be
ransferred directiy to the sppropriate laboratory for use or it will be stored in the sample
storage ares

A1l sarmples or specimens received at TA4S from the Yucca Mountain Project Sample
Maragemen: Facility (see Yucca Mountain Project OFice procedures AP-6.23 and AP-6.4) must
have the required bar code or other labels attached (either to the sample or container) and must
be logged into the Sample Inventory Logbook Solid metenals purchased for YMP or
synthesized in & laboratory snould be logged into the logbook, but are not reguired to be logged
in if the material is intended only for & specific task or use in & single laboratory. In sucn
cases, the records of origin and chain-of-cusiody documernzation must be kept by the responsible
I

Sarpie Storage srea

A suitzble eree ir the laboratorv will be assigned to the project for sample storage. The
storage cabinets in this erea will be kept locked: the individuals (at least two) whe have kevs 10
the cabinets will be listed on the cabinets. The siorage area will not be used o siore materials
that are not logged into the Sampie Inventory Logbook.
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STORAGE AND EANDLING OF SOLID SAMPLES

PURPOSE

The purpose of this detailed technical procedure (DP) is to describe the storage and handling of solid
(eg., rock anc mineral) sampies at TA-48 for the Yucca Mounzain Project (YMP). The sampies used in
YMP experiments need chain-of-custody documentamon and appropriaie storage facilities w ensure
their imtegrity and taceability

SCOPE

This procedure appilies to 21l Los Alamos National Laboratory (LANL) personnel who work at TA-48
and who use solid samples in YMP acuvities.

APPLICABLE DOCUMENTS

LANL-YMP-Queality Assurance Program Plan (QAPP)

TWS-QAS-QFP-02.7, Personnel Trzining

TWS-QAS-QP-03.5, Procedure for Documenting Scientific Investigations

TWS-QAS-QP-08.1, Procedure for Identification and Conrrol of Sampies

TWS-QAS-QP-12.1, Procedure for Handling, Shipping, and Storage

TWS-QAS-QP-17.3, Procedure for LANL YMP Records Management
YMP-AP-06.3Q, Interacton of Pardsipants and Outside Interests with YMP Sample Management
YMP-AP-0£.4Q, Procedure for the Submitial, Review and Approvel of Requests for YMF Geologic

Specimens

DEFINTTIONS

4.1 solid sampies: solic materizals intended for laboratory studies that were obtained directly from
the Yuccs Mountain aree, obr.aineci from special sources (eg., mineral localities or cnemical
supplers), or were synihesized in the laboratory. Sush solid samples represent minerals or

other solids associated with Yuccz Mountain (see TWS-QAS-QP-08.1 for further discussion

4.2 chain-of-custody documentation: written documentation showing the tansier of samples
from their poin: of origin to their usage in & given experiment and, if eppropricte, thelr return
10 storage or to other personnel.

PESPONSIEILITIES

.l Principal Investgator

The PI has the responsitility for the proper storage and handling of solid samples. He mey
2ssign this task 10 epproprieie personnel trained w this DP.

Users ansd hendlers of solid meterisis ar TA-48

o

to

It is the responsipility of the users of this DP to achere to the procedure. Any deviations Zom

this procedure require approvel from the responsipie PL It is the responsibility of the user w0
gocumen: such deviations in accordence with TWS-QAS-QP-05.5. It is the respersipility of the

users of this DP o repor: unplenned deviatons from this procedure to the responsible PL
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Any Fpecial emvircnmental conditions recuired for sapie s1orAEge must be provided by the
regpensibie FI The jocation whnere such special sarmpies are kept mus: be recorded in the
logbook.

6.4 Unused material

Unusec sample material remaining after the completion of an experiment or set of experimenss
ghouid be returned 1o the sworage ares, but the prior handling and contact must be idennfed in
the loghook

QUALITY ASSURANCE DOCUMENTATION
7.1 Recorcs

Records to be gen.era ec as a result of the proper executon of this DP are entries in the Sampie
Inventory Logboo

ACCEPTANCE CRITERIA

The criteria that show this procedure has been correctly implemented are the records identified in

Secton 7.1.

ATTACEMENTS

None.

TRAINING REQUIREMENTS AND METHODS

Acceptable training methods for this procecure inciude reading the procedure or on-the-jodb maining. In
accordance with the waining ““OCECLJ'E (TWS-QAS-QP-02.7), the guthor, PIL and reviewer are

considered trained to this DP. YMP personnel who receive, szore, hendie, anc transfer samples covered
wnder the scope of this DP mus: be trained to it. Training of personnel to this DP is documented in

accorcance with the training procedure.
STUBJECTS REQUIEING VERIFICATION

Tae identifier numbers or letiers found on the samples UpoD receipt must be verified with the enciosed
cocuments Or with the previously received documentaton These mumbers must be recordec in the
Sampie Inventory Logbook
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SEPARATION OF URANIUM AND
PLUTONIUM FROM LARGE SAMPLES
OF UNDERGROUND DEBRIS
H. L. Smith and G. W. Knobeloch

1. Introduction

This procedure was devised for the separa-
tion of uranium and plutonium from solutions of
high ionic strength, which were obtained by dis-
solving underground nuclear debris. In the sep-
aration, these elements are oxidized to the +6
state and extracted into diethyl! ether from a
solution saturated with NH4NOs and ~2M in
HNOj3. The extraction is an excellent decon-
tamination step because very little else is taken
into the ether. The uranium and plutonium are
back-extracted into water and the aqueous solu-
tion is evapdrated tc dryness. Then the proce-
dure for the SEPARATION OF URANIUM AND
PLUTONIUM FROM UNDERGROUND NUCLE-
AR DEBRIS FOR MASS SPECTROMETRIC
ANALYSIS is performed.

2. Reagents

HNOgz: fuming
HCIO4: conc
NE4NO3: solid
Diethyl ether

3. Procedure

Step 1. Transfer the sample in HC! and HCIO4
to an erlenmeyer flask of suitable size. Add a
volume of fuming ANOQj that is equivalent to ~10%
of the sample volume; heat carefully on a hot plate
for several hours, and boil to dryness to drive off

all the HCIO,.

Step 2. Add ~50 mf of fuming BNOj3 and
evaporate to dryness again. Heat the sides of the
flask 10 expel any residual HCIOy.

Step 3. Dissolve the residue in ~40 mof fuming
HNQOs3; warm if necessary. Transfer the solution to
40-mf glass centrifuge tubes and centrifuge out any

insolubie residue (Note 1).

Siep 4. Transfer the supernate to a 1-{ beaker,
dilute with H20O to make the solution ~2M in
HNO3, and add solid NE4NOgz until the solution
is saturated with that reagent. Transfer to a
separatory funnel and extract twice with equal
volume portions of diethyl ether (Note 2). Combine
the ether phases in 2 clean separatory {unnel.

Step 5.  Back-extract with three portions
of H,0, each equivalent in volume to ~10%
of the combined ether phases. Combine the
aqueous extracts and begin with Step I of the
procedure for the SEPARATION OF URANIUM
AND PLUTONIUM FROM UNDERGROUND
NUCLEAR DEBRIS FOR MASS SPECTRO-
METRIC ANALYSIS .

Notes

1. If the residue shows no activity, it may be
discarded. 1f, however, it contains a substantial
fraction of the total activity in the sample, an
attempt should be made to bring the acuve
substances into solution. Heating with 63/ NaOH,
followed by acidification with HNQj3, will usually
remove most of the activity from the precipitate.

2. Isopropyl ether is not satisfactory as an

extractant.

(October 1988)
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PLUTONIUM
D. C. Hofiman

1. Introduction

This procedure for plutonium depends upon the
almost-quantitative carrying of plutonium(IV) on
LaF3 and the great difference between adsorption
of plutonium(IIl) and that of plutonium(IV) in
12M HC] medium on a Dowex A-1 anion-exchange
resin. One cycle of the procedure serves to separate
plutonium from other alpha-emitters; two cvcles
usually give complete. decontamination from beta-
emittting fission products.

The initial LaF3 precipitation, carried out in
the presence of NH,OH, is an excellent volume-
reducing step and also eliminates many elements
(notably iron) that may interfere in the subsequent
adsorption of plutonium on the resin column. After
dissolution of the LaF3 precipitate in 12M HCI,
neptunium, plutonium, and any traces of iron and
uranium are adsorped on the anion resin column,
whereas the lanthanides, americium, and curium
pass through the column. Plutonium is eluted from
the column after reduction to plutonium(III) with
HI; peptunium is not reduced to the +3 state and
remains behind. (A solution that contained 15 ug of
23U was run through the procedure, and no fission
counts above the usual background of 0.1 to 0.2 ng
could be detected.)

The plutonium is collected directly from the
resin column on 1 %—-in. platinum disks that are
fiamed, alpha-counted, and, if necessary, pulse-
analyzed. The w;51::1&&0 are usually very clean and
may be alpha-pulse-analyzed with a resolution of
1to 1.5%. ’ '

Samples may be run in quadruplicate and yields
are usually determined in one of two ways. Enough
%Py tracer to equal 25 to 50% of the total
plutonium alpha-activiiy expected may be added to
one or two of the original aliquots. On completion
of the analysis, the fraction of **Pu in the sample
is determined by pulse analysis, and the vield is

calculated. Yields may also be determined by
spiking two of the four samples with a standardized
solution of plutonium activity that is at least five
times as active as the aliquot to be analyzed. The
average number of counts per minute in the two
unspiked samples is subtracted from the average
in the two spiked samples. The resulting value,
divided by the number of counts per minute in
the spike, gives the yvield. The chemical yield 1s
usually ~87%; for a set of four aliquots analyzed
simultaneously, this value is constant to within
=1%. In analysis of solutions of very high ionic
strength, the yields are somewhat lower (80 to
97%), probably because under these conditions the

LaF3-carrying step is less efficient.
2. Reagents

Lanthanum carrier: 5 mg lanthanum/m{, added
as La(NO3)3#6H,0 in H,O

2%py: standardized solution in 33 HCL or
standardized spike solution (any mixture of
plutonium isotopes in 3 HCI)

HCL: conc; 3 M

HF: conc

HF-HNOQOj3: equal volumes of 24/ solutions

ENOa: conc

H3BOs3: saturated agueous solution

NH,OHeHC!: 35% by weight in H,O; solid

Solution I: 0.1 mf conc HNO3/15 m{ conc HCI

Anion-exchange resin: AG 1-X10, 200 o
400 mesh; slurry in H20

HI stock solution: Distill HI (Mallinckrodt
analvtical reagent-grade, 5.5M in HI, 1.5%
B3P0, preservative) under nitrogen. The HI
cannot be used without distillation because
H3PO, preservation apparently causes the
eluted drops to attack the platinum collection
disks and make the samples unsuitable for
pulse analysis. Commercial preparations of HI
without preservative usually contain so much
free 1odine that they are unsuitable. Even
after being stored under nitrogen, distilied HI
is slowly oxidized. Oxidation is inhibited by
the addition of sufficient hydrazine (up t¢ 20%
by volume of 64 to 84% NoHy in H;0) to

1-194 Separation of Radionuclides: Actinides (Plutonium)
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decolorize the HI solution. The final solution
is ~4.4M in HL

HI-HC] eluant: 1 mf of HI stock solution is
added to 7 m{ of conc HCl to give a solution
~0.44M in Hl. The precipitate that results
from the hydrazine present is removed by
centrifugation; the supernate is saturated with
gaseous HCl. The solution s permitted to
come to equilibrium at room temperature
before use; because the solution is readily
oxidized, fresh reagent is required every few

days.
3. Procedure

Step 1. Pipette 1 mf of tracer or spike solution
into 40-mf long-taper, glass centrifuge tubes that
will hold samples on which yield is determined.
Pipette sample (3M in HCI) into each centrifuge
tube; use 1-mf aliquots if possible, although
aliquots as large as 25 m{ can be used if necessary.
Bring all solutions to the same volume by adding
to those that do not contain tracer (or spike) acid
of the same concentration as that in the tracer (or
spike).

Step 2. To each tube add 1 to 2 drops of
lanthanum carrier/m{ of solution and then stir.
Add 4 to 5 drops of NoHOHHCl/m( of sclution
and stir. Add 3 drops of conc HY/mf of solution
(Note 1), stir, and let stand for 5 min (Note 2).

Step 8. Centrifuge and discard the supernate.

Step 4. Wash the precipitate with 10 drops of
2M BEF-2M HNOj. Stir, centrifuge, and discard the
supernate,

Step 5. Dissolve the LaF3 precipitate by adding
2 to 3 drops of saturated H3BOj; solution, stirring,
and then adding 0.5 mf of conc HCI while stirring.
If the solution is clear and colorless, continue adding
conc HCl until the volume of solution is 2 m{. Add
1 drop of cone HNQO3 and heat gently. The solution
is now ready for Step 6. 1, after treatment with

conc HCI, the solution is vellow—even faintly so—

dijute to 2 mf with H;QO; omitting the addition of
lanthanum carrier, repeat Steps 2 through J.

Step 6. Transfer the solution to a 3~ to d-cm
by 4-mm Dowex AG-1 resin column that has
been washed with ~1 mf of Solution 1 {Note 3).
(This wash may be driven through the column
with air pressure.) By means of air pressure, push
the solution that contains the sample through the
column. VWash the centrifuge tube with two 1-m{
portions of Solution | and discard the washes.

Step 7. Wash the sides of the centrifuge tube
with 1.5 mf of conc HCI, stir with a stirring rod,
and remove the rod. Centrifuge the HC! wash and
pass the solution through the resin column under

pressure.

Step 8. Add a few crystals of NoHOHeHCI
directly to the top of the resin column. Wash the
centrifuge tube with 1 mf of conc HCI, transfer the
wash to the top of the column and push it through
with pressure. Do not let the column run dry under
pressure because air bubbles will be forced into
the column and will cause channeling and erratic

elution of activity.

Step 9. Transfer ~1 m{ of HI-HC! eluant to the
top of the column, but apply no pressure during
elution. The dark band of the eluant may be seen
migrating down the column. Start collecting the
drops around the edge of 1 %—in, platinum disk
when the band is balfway down the column. After
the band reaches the bottom of the column, collect
15 drops of eluant, and place as many of them as
possible in tbe center of the disk. If necessary,
collect the rest on top of the drops already around
the edge of the disk.

Siep 10. Place the disk on a hot plate {setting
~400) under a heat lamp and allow the drops to
evaporate. Heat the disk to red heat in an open
fiame and then cool. Alpha-count if the original
aliquot was spiked; pulse-analyze and alpha-count
if 2% Py tracer was used. {Notes 4 and 5).
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Notes

1. When an appreciable quantity of iron is
present, sufficient HF must be added not only
to complex this element (thus decolorizing the
solution) but also to precipitate lanthanum carrier.

2. When the plutonium sample is from
underground nuclear debris and is to be subjected
to mass spectrometric analysis as well as the
regular procedure, aluminum must be removed
before Step 2 of the procedure is performed.

Add the recommended amount of
lanthanum carrier, and then add several drops of
thymolphthalein indicator solution to the sample,
which is 3M in HCL. Place the sample in an ice bath
and add enough 50% NaOH to turn the indicator
blue. Stir, centrifuge, and discard the supernate.
Wash the precipitate with a small amount of H20,
stir, centrifuge, and discard the supernate. Dissolve
the precipitate in 1 to 2 drops of conc HC! and
dilute to 2 to 3 m{ with 38 HCl. Continue with
Step 2 of the procedure, but omit the addition of
lanthanum carrier.

3. The presence of conc HNOj3 in Solution [ is
necessary to destroy the reducing properties of the
original resin and thus avoid premature reduction
of plutonium(IV) to the tripositive state.

4. To fission-count the plutonium, plates may
be prepared by taking the activity directly from
the column. However, if any drops are permitted
to run together (producing an extreme “bathtub
effect”), the fission-counting results are invariably
too low. To avoid such effects that are attributable
to sample thickness, the samples should be
electroplated as described in the procedure for
ELECTRODEPOSITION OF PLUTONIUM FOR
FISSION COUNTING.

5. The neptunium activity that remains on the
column after elution of plutonium may be removed

in the following manner:

{a) Use pressure to force concentrated HCl that
contains several drops of ENQa/mf through the
column until the dark color has been removed.
Discard the effvent. (During this process the
column may separate as a result of bubbling, etc.,
but can be resettled by applying pressure.)

(b) Wash the resin with conc HCI and pressure;
permit the column to rebed itself.

(c) Elute the neptunium with 0.13 HCl The
vield may be very low after only one elution
with 0.1 HCI; use about three cycles of elution
alternately with 0.13 HCl and conc HC! to produce
vields up to 85%.

(October 1989)
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ELECTRODEPOSITION OF PLUTONIUM
FOR FISSION COUNTING
D. . Hofiman

1. Reagents

HCl: conc; 1.4

HNOj3: conc

NH4OH: conc

Ethanol: absolute

NH,Cl: solid

Methy] red indicator solution

2. Procedure

Step 1. In & graduated centrifuge tube, collect
the eluate from Step § of the PLUTONIUM
procedure. (Collect the same amount of eluate that
would normally be collected on the platinum disk
for pulse analysis). To the eluate add 2 to 3 drops of
conc HNO3 and place the tube in an oil bath that is
maintained at ~100°C. Use an air jet to evaporate
the solution to dryness. Add 3 drops of conc HCI
and take the resulting solution to dryness. Repeat

the HCI treatment four times.

Step 2. After the final evaporation, take the
residue up in 0.5 mf of conc HCI and transfer to
an electroplating cell that is equipped with a 1-in.
platipum plating disk, 2 thin-walled chimney, and
a plastic gasket {Note). Wash the centrifuge tube
with two 0.5-m{ portions of distilled H,O, and
transfer the washings to the plating cell (~1.5-m{
volume). Add two small spatulas of NH4Cl and
2 drops of methyl red indicator solution. Make the
solution alkaline with conc NH(OH and then add
1M HCI! dropwise until the solution is barely acidic.

Step 8. Electroplate at 2 A and ~6.8 V for
15 min while stirring the solution with a graphite
rod. Just before plating is completed, add 0.5 mf
of conc NH4OH. Immediately turn off the stirrer
and the current and pour the plating liquid back
into the centrifuge tube. Remove the chimney and
wash the platinum disk with H20 and then with
ethanol. Flame the plate and count for 1 min on
an alpha counter.

Step . Use Duco cement to mount the platinum
plate on a standard fission mount.

Note
The electroplating setup 1is the same as

that used in the (Plutonium) URANIUM-235 1

procedure.

(October 1989)
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REMOVAL OF *°Pu
FROM LANTHANIDES, CESIUM,
AND ZIRCONIUM
B. E. Cushing

1. Introduction

Plutonium(IV) can be gquantatively removed
from the lanthanides, cesium, and zirconium by
extraction with tritsooctylamine. The separation
1s not satisfactory if the plutonium is in any other
oxidation state than +4. The extraction is carried
out in the presence of the appropriate carrier or
carriers; for example, if the solution, after removal
of plutonium. is to be used for analysis of zirconium,
this element is employed as carrier.

2. Reagents

Lanthanum carrier: 10 mg lanthanum/m¢é, added
as La(NQO3)ze 6H,0 in H-0 )

Cesium carrier: 10 mg cesium/m{, added as CsCl
in B0

Zirconium carrier: 10 mg zirconium/m{, added as
ZrO(NO3z)2e 2H,0 in 13 HNO;

HClL: 53, conc

H2§804: conc

NaNQOg: 0.1M

Triiscoctylamine: 20% by volume in n-heptane

3. Procedure
All operations are performed in a glove box.

Step 1. Pipette an aliquot of the sample into a
30-mf erlenmeyer fiask and add 1 mf each of the
desired carriers. Add 10 to 20 drops of conc H,S04
and heat to fumes of SO3.

Step 2. Cool the solution and transfer to a
40-m¢ glass centrifuge tube with 5 to 10 mf of 5.
HCl. Add ~10 drops of 0.1M NaNQ; and heat in
a boiling water bath for 5 min.

Step 3. Transfer the solution to a 125-mf
separatory funnel and rinse the centrifuge tube with

a minimum amount of 33 HC!; add the rinsings
to the separatory funnel. Add an equal volume of
20% (by volume) trilsooctylamine in n-heptane and

shake well.

Step 4. Allow the phases to separate and draw
off the aqueous phase into a clean 40-m/{ centrifuge

tube.

Step 5. To the aqueous extract add 10 drops of
0.13/ NaNO: and heat In a boiling water bath for

o min.
Step 6. Repeat Step 3 (Notes 1 and 2).
Notes

1. The extraction is repeated if necessary. In
one experiment. three extractions were sufficient to

completely remove 47 mg of plutonium.

2. This procedure does not remove *‘!Am
activity. Americlum activity may be separated
from the plutonium-free aqueous solution by
following the additional steps below.

(a) Use ammonia gas to precipitate hydroxides.
Centrifuge, discard the supernate, and wash the
precipitate with H20. Centrifuge and discard the

supernate.

(b) Dissolve the precipitate in 1 to 2 drops of
conc HC! and add 1 mf of 54 NH4CNS buffered at
pH 1.2. Put the solution on an AG 1-X§ anion-
exchange resin colurnn (100 to 200 mesh; 1 cm
by 6 cm), which has been equilibrated with 5.3/
NH4CNS solution. :

(¢) Elute with 10 mé of the cold 58 NH4CNS
solution. This procedure gives a decontamination
factor of ~5 x 10° and should be repeated to ensure

removal of americium.

(October 1989)
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HDEHP SEPARATION OF
PLUTONIUM FROM UNDER-
GROUND NUCLEAR DEBRIS

D. C. Boflman and F. O. Lawrence

1. Introduction

In this procedure, plutonium is extracted quan-
titatively into HDEHP (di-2-ethylhexyl phosphoric
acid) in n-heptane from 43 HNO3 solutions
of the fluoride-soluble fractions obtained from
The method 1is
convenient for isolating plutonium from large

underground nuclear debris.

volumes of solutions of high ionic strength—
solutions for which the element does not carry
well on a fluoride precipitate. The plutonium
is predominantly in the (VI) oxidation state in
the samples. The element is recovered from the
organic phase by reduction to the (III) state and
back-extraction with NH4I-HCI solution. This step
accomplishes extensive decontamination because
most of the species that extract into HDEHP
from 4M HNOj; are not back-extracted by the
NH4I-HC! solution. Further purification of the
plutonium can be accomplished by the usual LaF;
precipitations and elution from an anion-exchange
resin column with HI-HCI solution, as described in
the PLUTONIUM procedure.

Plutonium(IV) is also extracted quantitatively
by HDEHP in n-heptane, but it appears that in this
oxidation state the element is so tightly held in the
organic phase that it is not effectively reduced and
back-extracted.

2. Reagents

HDEHP solution: 0.53f solution of di-2-ethylhexyl
orthophosphoric acid in n-heptane (43 mé—or
~40.25 g—of the acid in 250 m¢ of solution).

BClL: oM

HNO3: 43; conc

NH,I: saturated aqueous solution

NH4I-HC! solution: one volume of the saturatec
NH4I solution 10 8 of 9.3 HCI

NH,OHeHC!: solid

3. Procedure

Step 1. Pre-equilibrate the 0.5.3f HDEHP with
an equal volume of 43 HNOs. To an aliquot of
the sample (~4M in HNOj) in either a narrow-
necked 40~-m{ conical centrifuge tube or a 60-m(
separatory funnel, add one-half to one-third 1ts
volume of the pre-equilibrated HDEHP. Shake for
1 min and allow the phases to separate; centrifuge
if necessary. Remove the aqueous (bottom) laver
and discard. Vash the organic layer by shaking
for 1 min with an equal volume of 4.3/ HNOj3, and
discard the wash.

Step 2. To the organic phase, add ~30 mg
of solid NH2OHeHC! and then one-half volume of
NH4I-HCI solution. Shake for 2 min and drain
the aqueous (bottom) layer into a clean 40-mf
centrifuge tube. Discard the organic layer.

Step 3. If the final volume of the aqueous
laver is <10 m¢, dilute with HoO o about three
times the volume and proceed to Step 2 of the
PLUTONIUM procedure. If the volume is >10 mé,
transfer the solution to a 125-m{ erlenmeyer flask
and evaporate to the desired volume over a burner.
Then proceed to Step 2 of the PLUTONIUM
procedure. Be sure to oxdize the plutonium(IIl)
by adding 1 drop of conc HNQOa to the HCl solution
and warming just before passing it through the

anion resin column.

(October 1989)
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THE SEPARATION OF PLUTONIUM
FROM LARGE VOLUMES OF
SOLUTION I
D. C. Hofilman and F. O. Lawrence

1. Introduction

The basic principle in the separation
of plutonium from large volumes of solution
is the same as that used in the procedure
for HDEHP SEPARATION OF PLUTONIUM
FROM UNDERGROUND NUCLEAR DEBRIS. in
which plutonium is extracted quantitatively into
HDEHP (di-2-ethythexy! orthophosphoric acid} in
n-heptane from acidic solution. In the procedure
described below, the plutonium is extracted into
HDEHP-n-heptane that has been impregnated
on an inert support (a fluorohalocarbon resin).
Extraction on such a column is much more
convenient than one in which the plutonium-
containing solution is extracted with a large volume
of HDEEP solution. Moreover, the back-extraction
of plutonium from the column is more efficient
than from HDEHP solution. With the use of the
column, the separation of phases is clean—which is
not always true in ordinary liquid-liquid extraction.

2. Reagents

2%Py standardized tracer solution, in 3M HCI

HCL: 9Af, 4Af

CrO3: solid

NH,I: saturated aqueous solution

NH4I-HCL: one volume of saturated NH,] solution
to eight volumes of 947 HCI

NH2OHeHCI: solid

CTFE-2300 (fluorchalocarbon resin) powder:
source: Allied Chemical Corporation,
Morristown, New Jersey

HDEEP: di-2-ethylhexyl orthophosphoric acid:
purified according to the directions in the

3. Procedure

Step 1. Pipette the tracer plutonium and the
sample in 43/ HCl into an erlenmeyer flask and add
a few crystals of CrO3. Heat to boiling and then

let cool to room temperature.

Step 2. To the CTFE-2300 (1 g/50 m{ of sample
solution) (Note), add enough of a mixture of equal
volumes of purified HDEHP and n-heptane to make
a slurry. Allow to equilibrate for 5 min. Stir well;
pour the resulting mixture into a glass column (1.d.
~1 c¢m), the tip of which has been plugged with
glass wool. Wash the column with 2 m{of 43/ HCL

Step 3. Pour the cooled, sample-containing
mixture onto the column and .allow 1t to pass
through either under gravity or with the application

“of a slight air pressure. Discard the effluent.

Step 4. Wash the (resin) column with 2 m{ of
43 HCI! and then with 2 m{ of 9Af HCl. Discard
the washings. Add a few crystals of NHoOHeHCI
to the top of the column.

Step 5. Add 2 m{ of NH4I-HCI solution to
the column to elute the plutonium, and collect the
eluate in a 40-m{ glass centrifuge tube.

Step 6. Dilute the eluate to 33 in HCI
by addition of the appropriate quantity of H:O.
Perform Steps 2 through 10 of the PLUTONIUM

procedure.
Note

Different batches of CTFE vary somewhat in
their properties, so different support-to-sample

ratios may be necessary.
Reference

K. ‘Wolfsberg, Ph.D. Thesis, Washington

Reference. . _— MG (1959 60
n-heptane University, St. Louis, Missouri (1958}, p. 60.
(October 1989)
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THE SEPARATION OF PLUTONIUM
FROM LARGE VOLUMES
OF SOLUTION II
F. O. Lawrence and D. C. Hofiman

1. Introduction

In this procedure, DBHQ, (2,5-di-tertiary
butylhydroquinone) in 2-ethyl-l-hexano! solution
is used for the back-extraction of plutonium(IV)
from solutions of HDEBP (di-2-ethylhexyl ortho-
phosphoric acid) in n-heptane.

Treatment with DBHQ reagent, {ollowed
by contact with 6M HCl, will back-extract
both plutonium(IV) and (V1) quantitatively from
HDEHEP-n-heptane solutions. Plutonium(IV), once
extracted into HDEHP solutions, is apparently
so tightly complexed that previous attempts to
back-extract it quantitatively with other reagents,
even with those which should reduce the element
to the tripositive state, have been unsuccessful.
Presumably, in the back-extraction with the DBHQ
solution, the plutonium is reduced to the +3 state
and then strongly complexed by the DBHQ.

The extraction coefficients (for transfer from
aqueous media to HDEHP solution) for pluto-
nium(IV) are very much higher than for pluto-
nium(VI). The volume of HDEHP extractant for
the former species can be as little as one-fifth
the volume of the sample. The procedure can be
adapted readily to a mixture of the two plutonium
species by increasing the volume of HDEHP extrac-
tant to one-third of the sample volume.

To determine the element quantitatively, 2¥Pu
tracer is added; NaNO; is used to ensure that all
the plutonium is converted to the -4 state to effect
complete exchange.

2. Reagents PE

236py standardized tracer solution in 33f HCI

HDERP solution: 0.75M solution of di-2-
ethylhexyl orthosphosphoric acid in n-heptane

DBHQ solution: 0.2 solution of 2,5-di-tertiary
butvlhydroquinone in 2-ethyl-1-hexanol

BCl: 60, 3M

NaNQq: 10M

3. Procedure

Step 1. Pre-equilibrate the 0.75M HDEHP
solution with an equal volume of 33 HC! in a
separatory funnel. (The size of the funnel should
be about twice that of the sample aliquot.) Add
sufficient 10} NaNO; to an aliquot of the sample
and the plutonium tracer (in either a narrow-necked
conical centrifuge tube or an erlenmeyer flask) to
make the final concentration of the salt ~0.24f;
for example, add 1 mf of 10M NaNO; to 50 m{
of aliquot of sample. Heat the solution to boiling
and then permit it to cool to room temperature.
Add the sampie to one-third its volume of pre-
equilibrated HDEHP, shake for 1 min, and allow
the two phases to separate; centrifuge if necessary
(Note). Remove the aqueous (bottom) layer and
discard. Wash the organic layer by shaking for
1 min with an equal volume of 6/ HC], and discard
the wash.

Step 8. To the organic phase add one-third
velume of the 0.24/ DBHQ solution and shake for
~10 s. Add one-half volume of 6M HCI, shake for
~2 min, and allow 5 min for the separation of the
two phases. Drain, save the aqueous (lower) phase,
and discard the organic layer.

Step 8. If the volume of the aqueous phase
is <% m{, add H-O to make the solution 3M in
acid and proceed to Step 2 of the PLUTONIUM
procedure. If the volume of the agueous phase
is >3 m{, transfer the solution to a 125-mf
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erlenmeyer flask and evaporate over a burner.
Transfer the solution to a 40-m{ conical centrifuge
tube, use water washes from the erlenmeyver flask to
dilute the solution to 3.} in acid, and then continue
with Step 2 of the PLUTONIUM procedure.

Note

If very large aliquots (150 to 200 mf) of sample
are used, the volume of HDEHP solution may be
increased to one-half volume of that of the sample
and a second back-extraction with 63/ HC| may be
performed.

Addendum

If large amounts of thorium are present,
complete the above procedure and carry out Steps 2
through 4 of the regular PLUTONIUM procedure.
Then dissolve the LaFa by stirring with 2 to 3 drops
of saturated H3BOsz solution. Add 3 mf of 104/
HC! and iransfer the solution to a 6—cm by 4-mm
Bio-Rad AG 50W-X4, minus 400 mesh, cation resin
(H* form) column. (Before using, wash the column
with 10M HCl.) Collect the effluent in a 125-mf
erlenmeyer flask. Wash the column once with 3 m¢
of 10M HC! and twice with € mf of conc HCI; collect
the effluents in the erlenmeyver flask. Boil down
the combined effuents to a2 small volume (0.5 to
2 m{) and transfer the solution to a 40-mf glass
centrifuge tube. Dilute with sufficient E2O to make
the solution 3M in HC! and proceed with Step 2 of
the PLUTONIUM procedure.

(October 1889)
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SEPARATION OF URANIUM
AND PLUTONIUM FROM UNDER-
GROUND NUCLEAR DEBRIS FOR

MASS SPECTROMETRIC ANALYSIS
G. W. Knobeloch, V. M. Armjo,
and D. W. Efurd

1. Introduction

The major steps in this procedure for the
separation of uranium and plutonium include:
(1) exchange of uranium in the sample with Wy
and of plutonium with 242Pu; (2) extraction of
these elements as nitrates into ethyl acetate from
a 1M HNOQO; solution saturated with NH4NOj;
(3) back-extraction into HpO; (4) adsorption of
the uranium and plutonium on an anion-exchange

resin column; (5) washes with 0.1M H,SO4 and’

10M HC), followed by elution of plutonium(III)
by means of an HI-HC| mixture and uranium by
HBENQOj3 after washes with 0.1M H>S0O4 and 8M
ECl; and (6) separate treatment of the uranium
and plutonium on macroporous anion-exchange
resins; the elements are adsorbed from a HoO»-
HCI solution, and after appropriate washes of the
resins, the uranium is eluted with H,O and the
plutonium with HBr.

The extraction and back-extraction processes
are quite effective in removing fission products
and the elements present in macro amounts in
soil samples (for example, sodium, potassium,
magnesium, calcium, aluminum, silicon, and iron).
After the back-extraction, the plutonium, about
half of the neptunium, some #Zr and 97Zr, *Nb,

% o : .
FTc, Ry, **%Th, ¥1Te, and ™2Te remain

with the uranium. Relatively large amounts of
the salting out agent, NE4<NO3, are also present
and carry along enough of the alkali metals
and iron to interfere with mass spectrometric
analysis. The main purpose of the anion resin
column step is the removal of these interferences.
Last traces of iron are removed by the H,S50,
wash. Large amounts of H;SO4 and HC! used
in washing the resin, relative to the free column

volume, are necessary to remove all traces of

the alkali metals. At the completion of the
column step, gamma-spectral analysis reveals
that the major contaminant is zirconium and
that only a little %¥Tc and 9°Nb are present.
Emission-spectral analysis shows less than 1 ppm
of sodium, potassium, calcium, aluminum, and
iron in both the plutonium and uranium; there is
also some uranium contaminant in the plutonium
and some thorium and plutonium contaminant in
the uranium. The macroporous anion-exchange
resin column treatments are necessary to achieve
additional levels of purity required for pulse-
counting mass spectroscopy. Uranium recovery is
~80% and plutonium recovery ~73%.

The procedure has been used for samples
containing as little as 5 ng of uranium and
plutonium. A “clean” laboratory and the purest

available reagents are required.
2. Reagents

233U tracer: source, National Bureauv of Standards
(NBS)

242Py tracer

HCIO4: conc

HNOs3: conc; BAM; 2M, 1M

HBr: 47%; source, MCB Reagents

HCI: 10M; 8M; 6M; 1.0M

H.504: 0.1 M

Aqua regia: 3:1 mixture, by volume, of 10.)f HCI
and conc HNO3

HI-HC! mixture: 1:9 mixture, by volume, of 48%
HI and 10 HCI

H,O: Type 1 reagent-grade water (deionized)

H20,-HCI reagent: 1 drop of 30% H202 to 9 m{
of 10M HCI

NH4NOj3: solid

Ethyl acetate

Bio-Rad macroporous anion-exchange resin:
AGMP-1, 50 to 100 mesh, granular, delonized
water shurry. This resin is pretreated by
warming overnight in a mixture of 50% 104/
HC! and 50% H.O. It is washed 20 times with
deionized H,O and stored as an H;O slurry.
The column uses a disposable automatic

Preparation of Mass Spectrometry Samples (Uranium, Plutenium) I11-1



pipette tip, ~7 cm long and 5 mm 1.d. A plug
of prewashed quartz wool is placed in the tip
and resin is added to a depth of ~2 cm.

3. Procedure

Step 1. Place an aliquot of sample (Note 1)
containing 100 to 200 ng of uranium in 33 HClI
in a 40-m{ centrifuge tube. Add 33U tracer in
amount to provide approximately equivalent ratios
of 33/235 238/233  and then add *1°Pu tracer

equal to the estimated quantity of *3*Pu. Add 2 m{

and
of conc HCIO, and evaporate to dryness (Note 2).

Step 2. Add 5 mf of 23 HNOj3 and sufficient
solid NHsNOj3 to saturate the solution, and warm
to room temperature.” - (The addition of the
NH4NOg3 approximateiy doubles the volume of
solution). Add 10 mf of ethyl acetate, stopper
the tube with a plastic top, and shake for 1 min.
Centrifuge lightly to separate the phases, remove
the ethyl acetate (top) laver, and transfer it to a
clean centrifuge tube. Repeat the extraction twice
and combine the ethyl acetate phases. Discard the
aqueous phase.

Step 3. VWash the combined ethyl acetate
phases with 3 mf of 23/ HNOQOs that has been
saturated with NH4NQOa and equilibrated against
ethyl acetate. Centrifuge and discard the wash.
Wash twice more, discarding the washes. (The
washes remove aqueous entrainments in the ethyvl
acetate.) Back-extract uranium and plutonium
with 10 m{ of H,O, centrifuge, and transfer the
agueous layer to a clean centrifuge tube. Repeat the
back-extraction twice more, combining the aqueous
layers. Discard the ethyl acetate layer (Note 3).

Step 4. Evaporate the aqueous layer to dryness
in a heating block. Wash down the walls of the
tube with 1 m{ of aqua regia and heat to dryness
to destroy NG4NQO;3. Add 1 mf of 10M HC! and
evaporate to dryness. Add 1 mf of 0.1M H,SOy,
warm (Note 4), and place the solution on a Bio-Rad
AGMP-1, 50 to 100 mesh, anion-exchange resin
column that has previously been subjected to three

1-mf H20 washes and one 1-m£ 0.1}/ H,504 wash.

.

Discard the effuent. Wash the tube with 1 mf of
0.13 H,504 and add the wash to the resin column
(Note 5). Discard the efiuent. Add 1 mf of 10/
HCI containing a trace of HNOj (10 m{ of HC] +
1 drop of conc HNO3) to the column and discard
the efluent. Rinse the tip of the column with a

stream of deionized H,O.

Step 5. To remove the plutonium remaining
on the column, use three successive additions of
9 drops of HI-HCI mixture to reduce that element
to the +3 state; collect the eluate that contains
plutonium in a 40-m{ centrifuge tube. Wash the
column with 1 mf of 83 HCl. Wash the tip of the
column with a stream of deionized H,0.

Step 6. Elute uranium with 1 mf of 1M HNO;3
and 1 mf of conc HNO3 and collect the eluate in a
40-mf centrifugal tube.

Step 7. The uranium and plutonium samples
at this point are not free enough of impurities to
permit mass spectrometric analysis by the pulse-
counting technique. Each fraction is evaporated to
drvness in its centrifuge tube on a heating block. To
destroy residual 17, add 1 drop of conc HNOj to the
plutonium and evaporate the solution to dryness
again. Repeat the evaporation, using 1 drop of 103/
HCL. Add 1 mfof the HoO,-HCl reagent to dissolve

each sample.

The Urenium Semple: Place the solution
onto a Bio-Rad macroporous AGMP-1, 50 to
100 mesh, anion-exchange resin column that has
been subjected to two 1-mf H,O washes and
three 1-mf H,0O2-HC! reagent washes. TUse one
additional portion of 1 mf of the Hy0O2-HCl reagent
to rinse the centrifuge tube and pass the rinsing
through the column. Discard both effiuents. Wash
the zirconium off the column with 15 drops of
6§32 HCl. Wash the tip of the column with a
siream of deionized HoO and elute the uranium
with three successive 1-mf portions of deionized
H,O; collect the eluates in a 40-m{ centrifuge tube
(Note 6). Transfer enough of the uranium solution

I11-2 Preparation of Mass Spectrometry Samoies (Uranium, Plutonium)
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to supply 50 ng of the element to a quartz test tube.
Evaporate the solution to dryness in a heating
block. Add 3 drops of conc HNO3 and 3 drops of
conc HCIO4 and heat to 130°C for 1 h. Evaporate
to dryness at a temperature >180°C. Cool and cap
the quartz tube. The sample is ready for mass

spectrometric analysis.

The Plutonium Sample: The plutonium fraction
still contains too much zirconium to permit mass
spectrometric analysis and enough *8U to affect
the determination of “*8U. For purification, pass the
H202-HCI solution through a macroporous anion-
exchange resin column like that used for uranium.
Pass 1 m{ of HoO2-HCl reagent through the column
and wash off the uranium and zirconium with
60 drops of 8M HNO; (Note 7). Wash the tip of
the column with a stream of deionized HoO and
elute the plutonium with three 1-mf portions of
47% HBr into a quartz test tube. At this point, an
aliquot is removed for zlpha assay to ascertain the
amount of plutonium that will be supplied for mass

. spectrometric analysis.

Evaporate the HBr solution of plutonium to
dryness in a heating block. Destroy the traces
of HBr and organic material from the remaining
macroporous anion resin by adding 3 drops of conc
ENOs3 and 3 drops of conc HCIO4 and heating to
130°C for 1 b in a heating block. Evaporate to
dryness at a temperature greater than 180°C. Cool
and cap the quartz tube. The sample is ready for
mass spectrometric analysis.

Notes

1. The usual size of sample is 10 to 100 mg.
If more than 0.33 g of soil is required to
meet plutonium requirements, it is suggested that
fiuoride precipitation, dissolution of the precipitate
in HC! + H3BOj; solution, and boiling with M
NaOH be carried out as preliminary steps, after
Step I has been performed.

2. It is essential to achieve exchange between
the tracers and sample atoms. This is accomplished

by allowing the sample plus tracer to evaporate to
dryness overnight in a heating block (at ~110°C)
followed by at least one strong fuming (HCIOy)

period over a burner.

3. At this point, the macro soil constituents,
sodium, potassium, magnesium, calcium. aluminum,
and iron, and most fission products have been
removed. The remaining elements are: ~95% of
the uranium, ~80% of the plutonium, ~50% of the
neptunium, 60 to 80% of the zirconium. and traces
of niobium, technetium, ruthenium. tellurium, and
iron; of course, NII;NOj also remains.

4. When dealing with nanogram quantities
of uranium and plutonium, it is advisable to be
thorough and patient in dissolving their nitrates
from a dry state. Flaming the tubes to dryness
should be avoided because the baked oxides formed
will stick to the glass and be difficult to remove.
Check for removal of 37U with a radiation meter,

if possible.

5. The H-.SO, is eflective in the removal of
the remaining “**Np and the last traces of iron
that would interfere with the mass spectrometric
measurement. Approximately 5% of the plutonium
is washed off with the 0.1M H,504, but uranium
sticks quantitatively. In Step { when the
vranium and plutonium are being dissoived in
the warm 0.1Af H2SOy4, care must be taken to
avoid concentration of the H2SOy4 by evaporation.
A 0.5M H,S504 can remove 100% of the plutonium -
and 50% of the uranium. It is necessary to record
the time here as the time of separation of piutonium
and neptunium. This is also a convenient record of
the separation of plutonium and curium, which is
achieved here and in the extraction. This permits
corrections to the *3¥Pu mass peak.

. . 093+

6. The final solution is assayed for **3U by

alpha-counting to determine chemical yield. Also,

‘. . . X 237 s

at this point an aliquot may be removed for =¥' U
measurement by beta- or gamma-counting.

Preparation of Mass Spectrometry Samples (Uranium, Plutonium) I1I-3



7. Variations in the uranium, plutonium,
zirconium, etc., ratios in the starting samples,
as well as slight variances in column preparation,
will result in slight differences in the amounts
of 8M HNO3 needed here and in the guantities
of 6) HC] required on the macroporous anion
resin cleanup column. Therefore, the relative
amount of 9°Zr (by means of its 724~ and 756-keV
gammas) and of *3"U (by means of its 208-keV
gamma) should be ascertained with a multichannel
pulse height analyzer and the amount of *3°Pu
should be determined by zlpha-counting. With
such information the quantities of column washes
may be adjusted to obtain the best level of
decontamination.

(October 1988)
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PREPARATION OF PLUTONIUM
SAMPLES FOR MASS
SPECTROMETRIC ANALYSIS
R. E. Perrin and H. L. Smith

1. Introduction

To prepare plutonium samples for mass
spectrometric analysis, the basic PLUTONIUM
procedure is first carried out. After the element
has been counted (Siep 10 of that procedure), it
1s removed from the platinum disk by repeated
treatment with HF and HCl. The acidic solution
18 fumed to dryness with conc HNQO3 and HClQy,
and the residue is dissolved in 9M HC! that
contains enough H20; to keep plutonium in the +6
oxidation state. The plutonium-is then placed on
a macroporous anion-exchange resin; uranium and
iron are also adsorbed. The plutonium is removed
from the columa by elution with conc HBr; the
uranium and iron stay on the column.

2. Reagents

HF: 2.7TM

HCl: 3M; obtained by diluting National Bureau of
Standards (NBS) sub-boiling distilled reagent

S8M HCL: The reagent is used to pick up the
sample after the HCIO4 fuming step and to
rinse the column free of americium. The
reagent is prepared by sub-boiling distillation
or is purchased {rom NES. Just before use,

10 m{ of acid containing 1 drop of 30% B0,

1s warmed at ~80°C for 20 to 30 min to ensure
the presence of a small amount of free Cly,
which prevents reduction of plutonium on the
column.

HNO3: conc; source: NBS

BClOy4: cone; source: NBS

8.8M HBr: E. M. 306-7S Suprapur: source:
E. Merck, Darmstadt, West Germany

Anion-exchange resin: Bio-Rad AGMP-1, 50 to
100 mesh

H;0: Use only HyO that has been deionized by
passing through a Milli-Q H2O system.

3. Ion-Exchange Column Preparation

Disposable plastic pipette tips are used for ion-
exchange columns. These are cleaned by immersion
in 84 HNOj at 80°C for 48 h. The tips are
then rinsed thoroughly with Milli-Q H2O and dried
by two rinses in glass-distilled acetone. After air-
drying in a class 100 clean-air hood, the tips are
sealed in batches of 10 in plastic bags for storage.

Quartz wool is cleaned by immersion in 8./
HNO3 at ~80°C for 48 h. After thorough rinsing
in Milli-Q H»O, the wool is air-dried under a heat
lamp in a 100 plus hood. Small portions of the
quartz wool are stored in 15-mf plastic vials that
have been cleaned in a like manner.

Bio-Rad AGMP-1 resin, 50 to 100 mesh, is
prepared by being washed thoroughly in M HCI
three times. After the resin has settled, the excess
HCl is poured off, and the resin is stored under fresh
93 HCI in 30-m{ plastic bottles cleaned with 8
HNO3 (as previously described for the disposable

pipette tips).

All transfers are performed using transfer
pipettes, which are cleaned by immersion in 83/
HNOj3 for 48 h at 80°C. After thorough rinsing
with Milli-Q H.O, the pipettes are air-dried in a
100 plus hood. The cleaned pipettes are stored in
sealed plastic bags in batches of five.

All separations are performed using 13- by
100-mm Pyrex or quartz tubes that have been
cleaned by immersion in 8M HNOj; for 48 h at
80°C. After thorough rinsing with Milli-Q H2O, the
tubes are air-dried (open end down) in a 100 plus
hood. The tubes are then sealed in batches of two
in plastic for future use. Pyrex tubes are used for
column preparation and americium elution. Quartz
tubes are used for the final elution step and boil

down.

Preparation of Mass Spectrometry Samples (Plutonium) I111-5



Prepare the ion-exchange column as {ollows.

1. Place a small quartz wool plug in the end
of a clean plastic pipette tip. The plug should be
~2 mm long. A clean transfer pipette tip works
well for tamping the plug into the pipette tip.

2. Place a plastic collar over the ion-exchange
column. This collar is made by cutting the end of
a 3X tapered stopper with a razor blade. A small
V is cut in the base of the stopper (see Fig. 1) to
prevent formation of an air lock.

o<~ 3X Stopper
Swport Collar

=
<1 ij Test Tupe Stand

Fig. 1. Details of micro lon-exchange column.

3. Place the pipette tip with collar in a ciean
13~ by 100-mm Pyrex test tube supported in a
plastic test tube rack.

4. Using a clean transfer pipette, iransfer
enough AGMP-1 resin to form = resin column 1 ¢m
long in the pipette tip.

5. Rinse the resin column with 3 column
volumes of 94f HC! containing a trace of free Cls.

4. Procedure
This procedure assumes that the

plutonium sample has been processed through the
PLUTONIUM procedure.

Step 1. To the platinum disk from Step 10 of the
PLUTONIUM procedure, add sufficient 2.7M HF
to cover the spots containing activity. Evaporate
the liquid to dryness and add enough 3.3/ (or more
conc) HC! to cover the active sites. \Warm gently
and, by means of a transfer pipette, add the liquid
to a Pyrex tube of appropriate size. KRepeat the
step (both HF and HCl additions) until the desired
activity has been removed.

Step 2. Add a few drops of conc HNO3 and
evaporate the solution to a small volume. Then add
a few drops of conc HCIO4 and fume to dryness.

Step 3. To the dry Pyrex tube containing
the recovered plutonium, add ~1 m{ of $M HCI
containing a trace of free Cl;. Warm to ~80°C w0
ensure dissolution of the plutonium.

Siep 4. Using 2 clean transfer pipette, load the
solution on an anion-exchange column prepared as
previous]y described. Support the column with a
clean 13- by 100-mm Pyrex tube and discard the
rinses. (It may be desirable to retain all effuents
until the analysis is completed.)

Step 5. Using a clean transfer pipette, rinse the
column with 5 column volumes of 9. HCl. Allow
the fluid level to just reach the resin surface between
rinses. This rinse will remove all alkali metals;
the last traces of americium, uranium, iron, and

plutonium are retained on the column.

Step 6. Remove the column from the test tube
and thoroughly rinse the tip of the column with 9.4/
HCI to remove the last traces of the impurities.

Step 7. Transfer the column to a clean 13- by
100-mm quartz tube. Rinse the column with
5 column volumes of 8.8M HEEBr. This rinse
will elute the plutonium and leave all uranium
and iron behind.  This step is of partcular
importance because the presence of iron interferes
with subsequent electrodeposition of plutonium.

iI1-6 Preparation of Mass Spectrometry Samples (Plutonium)
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Step & Remove and discard the ion-exchange
column. Transfer the quartz tube to a heater block
at ~130°C and evaporate the solution to dryness

using heat and a stream of filtered air.

Step 9. Wash down the sides of the tube with
1.0 to 1.5 mf of Milli-Q H-O and fume to ~0.5 m¢.
Add 3 to 4 drops of conc HNO3 and fume to
dryness. Add 3 drops of conec HCIO4 and evaporate
to fumes at 130°C. Increase the temperature to
180°C and fumefor 1 h, adding HCIO4 as necessary.
Then fume to dryness to ensure destruction of =3
plutonium polymers and oxidation of any organic
matter present. The sample is readv for mass
spectrometric analysis. After cooling, cap the test
tube with a clean 3X plastic stopper (cleaned by
immersion in 8M HNOj; for 48 h and rinsed with
Milli-Q H,0). Seal the capped tube in plastic and
submit for the mass spectrographic analysis. (The
total plutonium submitted should be known to at
least 10% to prevent errors in selecting the aliquot
size for mass spectrometric analysis.)

(October 1989)
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APPENDIX F
IN SITU CHEMICAL REMEDIATION OF
RADIONUCLIDES IN SOILS
FY 93/94 SCHEDULES

WP for Chem Remed. of Soils; Rev. 7: 8/10/83
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